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[wherein R 1 is a halogen atom, a hydroxyl group, an alkoxy group having 1 to 5 carbon atoms or an alkyl group having 
1 to 5 carbon atoms, R 2 is a hydrogen atom, a halogen atom, a hydroxyl group, an alkoxy group having 1 to 5 carbon 
atoms or an alkyl group having 1 to 5 carbon atoms, or R 1 and R 2 together form an oxo, a hydroxyimino group, an 
alkoxyimino group having 1 to 5 carbon atoms or an alkylidene group having 1 to 5 carbon atoms, 

R 3 and R 4 are each a hydrogen atom, a halogen atom, a hydroxyl group, an alkoxy group having 1 to 5 carbon 
atoms or an alkyl group having 1 to 5 carbon' atoms, or R 3 and R 4 together form an oxo, a hydroxyimino group, an 
alkoxyimino group having 1 to 5 carbon atoms or an alkylidene group having 1 to 5 carbon atoms, 

X is an oxygen atom or a sulfur atom, 
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Y is -CR 5 R 6 - (wherein R 5 and R 6 are the same or different, and are each a hydrogen atom, a halogen atom, an 
optionally substituted alkyl group having 1 to 10 carbon atoms or an optionally substituted alkenyl group having 2 to 
10 carbon atoms), or -CR 7 R 8 -OR 9 R 10 - (wherein R 7 , R 8 ; R 9 and R 10 are the same or different, and each a hydrogen 
atom, a halogen atom or an optionally substituted alkyl group having 1 to 1 0 carbon atoms, or R 7 and R 9 together with 
the carbon atom to which they are attached form an optionally substituted cycloalkyl group having 3 to 8 carbon atoms, 
an optionally substituted cycloalkenyl group having 4 to 8 carbon atoms, an optionally substituted bicycloalkyl group 
having 5 to 1 0 carbon atoms, or an optionally substituted bicycloalkenyl group having 5 to 1 0 carbon atoms) and 

Z is a hydrogen atom or an optionally substituted alkyl group having 1 to 10 carbon atoms, or Y and Z together 
with the nitrogen atom to which they are attached form an optionally substituted cyclic amino group having 2 to 10 
carbon atoms], or a pharmaceutical^ acceptable salt thereof. 
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Description 

TECHNICAL FIELD 

s [0001] The present invention relates to novel cyanopyrrolidine derivatives. 
BACKGROUND ART 

[0002] Dipeptidyl peptidase IV (DPP IV) is a kind of serine proteases which can hydrolyze the dipeptide from the 
10 peptide chain having 1 proline or alanine at the second position from the N-terminus. DPP IV is distributed in a variety 
of the tissues (including kidney or liver) and plasma! and participates in the metabolisms of various physiologically 
active peptides. 

[0003] 'Recently, it has been made clear that DPP IV acts on the metabolism of glucagon-like peptide-1 (GLP-1). 
That is, DPP IV hydrolyzes the dipeptide of the N-terminal His-Ala of GLP-1, thereby, GLP-1 is inactivated, and the 

15 inactivated product acts as an antagonist of GLP-1 receptor. 

[0004] GLP-1 has been found to have physiological actions such as an accelerating action of insulin-secretion from 
the pancreas, a prolonging action of gastric emptying time or an inhibitory action of eating. Accordingly, DPP IV inhibition 
elevates the GLP-1 effect, enhances the insulin effect and improves glucose metabolism, therefore, DPP IV inhibition 
is expected to be useful for treating type 2 diabetes mellitus. ♦ 

20 [0005] In addition, DPP IV has been found to participate in the metabolism of neuropeptide Y which is a kind of 
neuropeptides, activation of T cells which are immunocompetent cells, adhesion of cancer cells to the endothelium or 
invasion of HIV virus into lymphocytes. Accordingly, DPP IV inhibition is considered to be useful for treating immune 
diseases, etc. 

[0006] Furthermore, a high level of DPP IV expression has been found in fibroblasts of the skin of human subjects 
25 of psoriasis, rheumatoid arthritis and lichen planus, and a high DPP IV activity has been found in the subjects of benign 
prostatic hypertrophy. Accordingly, DPP IV inhibition is also expected to be effective to skin diseases and benign pro- 
static hypertrophy. 

[0007] Among DPP IV inhibiting compounds which have been known up to this time, there are the compounds whioh 
■ are substituted with a phosphorus atom at the 2-position of pyrrolidine (J. ( Med. Chem., 37, 3969 - 3976, 1994), and 
'30 the compounds which are substituted with a boron atom at the 2-position of pyrrolidine (Biochemistry, 32, 8723 - 8731 , 
1993). Also are known the compounds which are substituted with a cyano group at the 2-position of pyrrolidine (Arch. 
Biochem. Bio^hys., 323, 148 - 152, 1995; Bioorg. Med. Chem. Lett., 6, 1163 - 1166, 1996; Biochemistry, 38, 11597 - 
11603, 1999), but there is no report on any inhibitors which have substituent(s) at the 3- or 4-position of 2-cyanopyr- 
rolidine derivatives. 

35 [0008] An object of the present invention is to provide novel cyanopyrrolidine derivatives which have an excellent 
DPP IV inhibition activity. 

DISCLOSURE OF THE INVENTION 

40 [0009] As a result of the continued extensive studies in order to achieve the above-mentioned object, the present 
inventors have found that certain cyanopyrrolidine derivatives have an excellent DPP IV inhibition activity, and thereby 
the present invention has been accomplished. 

[0010] One aspect of the present invention is to provide a compound represented by Formula (1 ) (hereinafter referred 
to as "the compound of the present invention" or "the present invention compound"): 

45 



50 



z ^> 



CN R 4 



55 



(1) 



[wherein R 1 is a halogen atom, a hydroxyl group, an alkoxy group having 1 to 5 carbon atoms or an alkyl group having 
1 to 5 carbon atoms, R 2 is a hydrogen atom, a halogen atom, a hydroxyl group, an alkoxy group having 1 to 5 carbon 
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atoms or an alkyl group having 1 to 5 carbon atoms., or R 1 and R 2 together form an oxo, a hydroxyimino group, an 
alkoxyimino group having 1 to 5 carbon atoms or an alkylidene group having 1 to 5 carbon atoms, 
[0011] R 3 and R 4 are each a hydrogen atom, a halogen atom, a hydroxyl group, an alkoxy group having 1 to 5 carbon 
atoms or an alkyl group having 1 to 5 carbon atoms : or R 3 and R 4 together form an oxo, a hydroxyimino group, an 
5 alkoxyimino group having 1 to 5 carbon atoms or an alkylidene group having 1 to 5 carbon atoms, 
X is an oxygen atom or a sulfur atom, 

Y is -CR 5 R 6 - [wherein R 5 and R 6 are the same or different, and each a hydrogen atom; a halogen atom; an alkyl 
group having 1 to 1 0 carbon atoms which is optionally substituted with at least one selected from the group consisting 
of a halogen atom, a hydroxyl group, a hydroxyalkyl group having 1 to 5 carbon atoms, a carboxyl group, a mercapto 

10 group, an alkylthio group having 1 to 5 carbon atoms, a guanidyl group, an optionally substituted phenyl group, an 
imidazolyl group, an indolyl group, -NHR 11 (wherein R 11 is a hydrogen atom, an optionally substituted phenyl group, 
an optionally substituted pyridyl group, a tert-butoxycarbonyl group or a behzyloxycarbonyl group) , -CON H R 1 2 {wherein 
R 12 is a hydrogen atom or-(CH 2 ) m -R 13 (wherein m is an integer of 1 to 5, and R 13 is a hydrogen atom, a methoxycarbonyl 
group, an ethoxycarbonyl group or a benzyloxycarbonyi group)} and -OR 14 (wherein R 14 is a chain alkyl group having 

15 1 to 5 carbon atoms or a benzyl group); or an alkenyl group having 2 to 1 0 carbon atoms which is optionally substituted 
with at least one selected from the group consisting of a halogen atom, a hydroxyl group, a carboxyl group, an amino 
group, an aminocarbonyl group and a chain alkoxy group having 1 to 5 carbon atoms], or -CR 7 R 8 -CR 9 R 10 - (wherein 
R 7 , R 8 , R 9 and R 10 are the same or different, and each a hydrogen atom; a halogen atom; or an alkyl group having 1 
to 10 carbon atoms which is optionally substituted with at least one selected from the group consisting of a halogen 

20 atom, a hydroxyl group, a hydroxyalkyl group having 1 to 5 carbon atoms, a carboxyl group, a mercapto group, an 
alkylthio group having 1 to 5 carbon atoms, a guanidyl group, an optionally substituted phenyl group, an imidazolyl 
group, an indolyl group, -NHR 11 (wherein R 11 is a hydrogen atom, an optionally substituted phenyl group, an optionally 
substituted pyridyl group, a tert-butoxycarbonyl group or a benzyloxycarbonyi group), -CONHR 12 {wherein R 12 is a 
hydrogen atom or -(CH 2 ) m -R 13 (wherein m is an integer of 1 to 5, and R 13 is a hydrogen atom, a methoxycarbonyl 

25 group, an ethoxycarbonyl group or a benzyloxycarbonyi group)} and -OR 14 (wherein R 14 is a chain alkyl group having 
1 to 5 carbon atoms or a benzyl group), or R 7 and R 9 together with the carbon atom to which they are attached form 
a cycloalkyl group having 3 to 8 carbon atoms which is optionally substituted with at least one selected from the group 
consisting of a halogen atom, a hydroxyl group, a carboxyl group, an amino group,, an aminocarbonyl group, a chain 
alkyl group having 1 to 5 carbon atoms and a chain alkoxy group having 1 to 5 carbon atoms; a cycloalkenyl group 

30 having 4 to 8 carbon atoms which is optionally substituted with at least one selected from the group consisting of a 
halogen atom, a hydroxyl group, a carboxyl group, an amino group, an aminocarbonyl group, a chain alkyl group having 
1 to 5 carbon atoms and a chain alkoxy group having 1 to 5 carbon atoms; a bicycloalkyl group having 5 to 10 carkjon 
atoms which is optionally substituted with at least one selected from the group consisting of a halogen atom, a hydroxyl 
group, a carboxyl group, an amino group, an aminocarbonyl group, a chain alkyl group having 1 to 5 carbon atoms 

35 and a chain alkoxy group having 1 to 5 carbon atoms; or a bicycloalkenyl group having 5 to 10 carbon atoms which is 
optionally substituted with at least one selected from the group consisting of a halogen atom, a hydroxyl group, a 
carboxyl group, an amino group, an aminocarbonyl group, a chain alkyl group having 1 to 5 carbon atoms and a chain 
alkoxy group having 1 to 5 carbon atoms), and 

Z is a hydrogen atom; or an alkyl group having 1 to 10 carbon atoms which is optionally substituted with at least 

40 one selected from the group consisting of a halogen atom, a hydroxyl group, a hydroxyalkyl group having 1 to 5 carbon 
atoms, a carboxyl group, a mercapto group, an alkylthio group having 1 to 5 carbon atoms, a guanidyl group, an 
optionally substituted phenyl group, an imidazolyl group, an indolyl group, -NHR 11 (wherein R 11 is a hydrogen atom, 
an optionally substituted phenyl group, an optionally substituted pyridyl group, a tert-butoxycarbonyl group or a ben- 
zyloxycarbonyi group), -CONHR 12 {wherein R 12 is a hydrogen atom or -(CH 2 ) m -R 13 (wherein m is an integer of 1 to 5, 

4 5 and R 13 is a hydrogen atom, a methoxycarbonyl group, an ethoxycarbonyl group or a benzyloxycarbonyi group)} and 
-OR 14 (wherein R 14 is a chain alkyl group having 1 to 5 carbon atoms or a benzyl group), or Y and Z together with the 
nitrogen atom to which they are attached form a cyclic amino group having 2 to 10 carbon atoms which is optionally 
substituted with at least one selected from the group consisting of a halogen atom, a hydroxyl group, an amino group, 
a chain alkyl group having 1 to 5 carbon atoms and -OR 15 (wherein R 15 is a chain alkyl group having 1 to 5 carbon 

50 atoms, an aminocarbonylmethyl group or a benzyl group)] or a pharmaceutical^ acceptable salt thereof. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0012] Another aspect of the present invention is to provide the cyanopyrrolidine derivative of Formula (1) wherein 
55 R 1 is a halogen atom, a hydroxyl group, an alkoxy group having 1 to 5 carbon atoms or an alkyl group having 1 to 5 
carbon atoms, and R 2 , R 3 and R 4 are each a hydrogen atom, a halogen atom, a hydroxyl group, an alkoxy group having 
1 to 5 carbon atoms or an alkyl group having 1 to 5 carbon atoms, or the pharmaceutical^ acceptable salt thereof. 
[0013] A still another aspect of the present invention is to provide the cyanopyrrolidine derivative of Formula (1) 
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wherein R 1 is a fluorine atom or a chlorine atom, or the pharmaceutically acceptable salt thereof. 
[0014] A further aspect of the present invention is to provide the cyanopyrrolidine derivative of Formula (1) wherein 
R 1 is a fluorine atom, and R 2 is a hydrogen atom, or the pharmaceutically acceptable salt thereof. 
[001 5] A still further aspect of the present invention is to provide the cyanopyrrolidine derivative of Formula (1 ) wherein 
5 R 1 is a fluorine atom, and R 2 , R 3 and R 4 are each a hydrogen atom, or the pharmaceutically acceptable salt thereof. 
[001 6] A still further aspect of the present invention is to provide a cyanopyrrolidine derivative represented by Formula 
(2): 



15 




wherein X, Y and Z are defined as above) or a pharmaceutically acceptable salt thereof. , 
20 [0017] A still further aspect of the present invention is to provide the cyanopyrrolidine derivative of Formula (1) or 
(2) wherein X is an oxygen atom, or the pharmaceutically acceptable salt thereof. 

[0018] A still further aspect of the present Invention is to provide the cyanopyrrolidine derivative of Formula (1) or 
(2) wherein Y is -CH 2 -, or the pharmaceutically acceptable salt thereof. 

[0019] A still further aspect of the present invention is to provide the cyanopyrrolidine derivative of Formula (1) or 
25 (2) wherein Y is -CH 2 - and Z is a branched or cyclic alkyl group having 4 to 10 carbon atoms which is optionally 
substituted with at least one selected from the group consisting of a hydroxyl group and a hydroxyalkyl group having 
1 to 5 carbon atoms, or the pharmaceutically acceptable salt thereof. 

[0020] A still further aspect of the present invention is to provide the cyanopyrrolidine derivative of Formula (1) or 
• (2) wherein Y is -CH 2 - and Z is a tert-butyl group, a (1 -hydroxymethyl)cyclopentyl group or a (2-hydroxy-1 ,1 -dimethyl) 
'30 ethyl group, or the pharmaceutically acceptable salt thereof . • 

[0021] A still further aspect of the present invention is to provide the cyanopyrrolidine derivative of Formula (1 ) or 
(2)'Wherein y'is -CR 5 R 6 - (wherein R 5 is a hydrogen atom) and Z is a hydrogen atom, orthe pharmaceutically acceptable 
salt thereof. 

[0022] A still further aspect of the present invention is to provide the cyanopyrrolidine derivative of Formula (1) or 
35 (2) wherein Y is -CR 5 R 6 - (wherein R 5 is a hydrogen atom, R 6 is a branched or cyclic alkyl group having 3 to 6 carbon 
atoms) and Z is a hydrogen atom, or the pharmaceutically acceptable salt thereof. 

[0023] A still further of the present invention is to provide the cyanopyrrolidine derivative of Formula (1 ) or (2) wherein 
Y is -CH[CH(CH 3 ) 2 ]-, -CH[C(CH 3 ) 3 ]- or -CH[CH(CH 3 )CH 2 CH 3 ]- and Z is a hydrogen atom, or the pharmaceutically 
acceptable salt thereof . 

40 [0024] A still further aspect of the present invention is to provide a pharmaceutical preparation which comprises as 
an effective ingredient the above-mentioned cyanopyrrolidine derivative or the pharmaceutically acceptable salt there- 
of. 

[0025] A still further aspect of the present invention is to provide the above-mentioned pharmaceutical preparation 
for preventing or treating a disease or condition capable of being improved by inhibition of dipeptidyl peptidase IV. 
45 [0026] A still further aspect of the present invention is to provide the above-mentioned pharmaceutical preparation 
wherein the disease or condition capable of being improved by inhibition of dipeptidyl peptidase IV is diabetes mellitus. 
[0027] A still further aspect of the present invention is to provide the above-mentioned pharmaceutical preparation 
wherein the disease or condition capable of being improved by inhibition of dipeptidyl peptidase IV is an immune 
disease. 

so [0028] In the present invention, "chain" means a straight or branched chain. 

[0029] The halogen atom means a fluorine atom, a chlorine atom, a bromine atom or an iodine atom. 
[0030] The alkoxy group having 1 to 5 carbon atoms means a straight, branched or cyclic alkoxy group, examples 
thereof are a methoxy group, an ethoxy group, a propoxy group, an isopropoxy group, a butoxy group, an isobutoxy 
group, a tert-butoxy group, a cyclopropylmethoxy group, a pentyloxy group and an isopentyloxy group. 

55 [0031] . The alkyl group having 1 to 5 carbon atoms means a straight, branched or cyclic alkyl group, and examples 
thereof are a methyl group, an ethyl group, a propyl group, an isopropyl group, a cyclopropyl group, a butyl group, an 
isobutyl group, a sec-butyl group, a tert-butyl group, a cyclobutyl group, a cyclopropylmethyl group, a pentyl group, an 
isopentyl group, a cyclopentyl group, a cyclobutylmethyl group and a 1 -ethyl propyl group. . 
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[0032] The alkoxyimino group having 1 to 5 carbon atoms means an imino group substituted with a straight, branched 
or cyclic alkoxy group, and examples' thereof are a methoxyimino group, an ethoxyimino group, a propoxyimino group, 
an isopropoxyimino group, a btatoxyimino group, an isobutoxyimino group, a tert-butoxyimino group, a cyclopropyl- 
methoxyimino group, a pentyloxyimino group and an isopentyloxyimino group. 
5 [0033] The alkylidene group having 1 to 5 carbon atoms means a straight, branched or cyclic alkylidene group, and 
examples thereof are a methylene group, an ethylidene group, a propylidene group, an isopropylidene group, a butyli- 
dene group, an isobutylidene group, a cyclopropylmethylene group and a pentylidene group. 

[0034] The alkyl group having 1 to 10 carbon atoms which is optionally substituted means a straight, branched or 
cyclic alkyl group having 1 to 1 0 carbon atoms which is substituted or unsubstituted, and examples thereof are a methyl 

10 group, an ethyl group, a propyl group, an isopropyl group, a butyl group, an isobutyl group, a sec-butyl group, a tert- 
butyl group, a pentyl group, an isopentyl group, a hexyl group, a heptyl group, an octyl group : a nonyl group, a.decyl 
group, a cycloalkyl group having 3 to 10 carbon atoms (e.g., a cyclopropyl group, a cyclobutyl group, a cyclopentyl 
group, a cyclobutylmethyl group, a cyclohexyl group, a cycioheptyl group or a cyclooctyl group), a cycloalkenyl group 
having 4 to 8 carbon atoms (e.g., a cyciobutenyl group, a cyclopentenyl group, a cyclohexenyl group, a cycloheptenyl 

15 group or a cyclooctenyl group), a bicycloalkyl group having 5 to 10 carbon atoms which is optionally substituted (e.g., 
a bicyclopentyl group, a bicyclohexyl group, a bicycloheptyl group, a bicyclooctyl group, a bicyclononyl group or a 
bicyclodecyl group), a bicycloalkenyl group having 5 to 10 carbon atoms which is optionally substituted (e.g., a bicy- 
clopentenyl group, a bicyclohexenyl group, a bicycloheptenyl group, a bicyclooctenyl group, a bicyclononenyl group 
or a bicyclodecenyl group), a bridged cyclic hydrocarbon group (e.g., an adamantyl group, a bornyl group, a norbornyl 

20 group, a pinanyl group, a thujyl group, a caryl group or a camphanyl group), and the alkyl group of which the hydrogen 
atom is substituted with at least one selected from the group consisting of a halogen atom, a hydroxyl group, a hy- 
droxyalkyl group having 1 to 5 carbon atoms, a carboxyl group, a mercapto group, an alkylthio group having 1 to 5 
carbon atoms, a guanidyl group, an optionally substituted phenyl group, an imidazolyl group, an indolyl group, -NHR 11 
(wherein R 11 is a hydrogen atom, an optionally substituted phenyl group : an optionally substituted pyridyl group, atert- 

25 butoxycarbonyl group or a benzyloxycarbonyl group), -CONHR 12 {wherein R 12 is a hydrogen atom or 7(CH 2 ) m -R 13 
(wherein m is an integer of 1 to 5, and R 13 is a hydrogen atom, a methoxycarbonyl group, an ethoxycarbonyl group or 
a benzyloxycarbonyl group)} and -OR 14 (wherein R 14 is a straight or branched alkyl group having 1 to 5 carbon atoms 
or a benzyl group). , .... * 

[0035] Examples of the substituted phenyl group of the optionally substituted phenyl group are a phenyl group sub- 

30 stituted with at least one selected from the group consisting of a hydroxyl group and a straight or branched alkoxy 
group having 1 to 5 carbon atoms (e.g., a 4-hydroxyphenyl group or a 3,4-dimethoxyphenyl group). ' 
[0036] Examples of the substituted pyridyl group of the optionally substituted pyridyl group (e.g., a pyridin-2-yl group) 
are a pyridyl group substituted with at least one selected from the group consisting of a cyano group, a nitro group, a 
. halogen atom and an aminocarbonyl group (e.g., a 5-cyanopyridin-2-yl group, a 5-nitropyridin-2-yl group, a chloropy- 

35 ridin-2-yl group or a 5-aminocarbonylpyridin-2-yl group). 

[0037] Examples of the hydroxyalkyl group having 1 to 5 carbon atoms are a hydroxymethyl group, a 1 -hydroxyethyl 
group, a 2-hydroxyethyl group, a 1- hydroxy propyl group, a 2-hydroxypropyl group, a 3-hydroxypropyl group, a 1-(hy- 
droxymethyl)ethyl group, a 1 -hydroxy-1 -methylethyl group, a 4- hydroxy butyl group and a 5-hydroxypentyl group. 
[0038] Examples of the an alkylthio group having 1 to 5 carbon atoms are a methylthio group, an ethylthio group, a 

40 propylthio group, an isopropylthio group, a butytthio group, a tert-butylthio group and a pentylthio group. 

[0039] The alkenyl group having 2 to 1 0 carbon atoms which is optionally substituted means a straight, branched or 
cyclic alkenyl group having 2 to 10 carbon atoms which is substituted or unsubstituted, and examples thereof are 
alkenyl groups (e.g. , a vinyl group, an allyl group, a propenyl group, an isopropenyl group, a butenyl group, an isobutenyl 
group, a pentenyl group, a hexenyl group, a heptenyl group, an octenyl group, a cyclopentenyl group or a cyclohexenyl 

45 group) and the alkenyl group of which the hydrogen atom is substituted with at least one group selected from the group 
consisting of a halogen atom, a hydroxyl group, a carboxyl group, an amino group, an aminocarbonyl group and a 
straight or branched alkoxy group having 1 to 5 carbon atoms. 

[0040] The cycloalkyl group having 3 to 8 carbon atoms which is optionally substituted means a cycloalkyl group 
which is substituted or unsubstituted, and examples thereof are a cycloalkyl group (e.g., a cyclopropyl group, a cy- 

50 ciobutyl group, a cyclopentyl group, a cyclohexyl group, a cycioheptyl group or a cyclooctyl group) and the cycloalkyl 
group of which the, hydrogen atom is substituted with at least one selected from the group consisting of a halogen 
atom, a hydroxyl group, a carboxyl group, ah amino group, an aminocarbonyl group, a straight or branched alkyl group 
having 1 to 5 carbon atoms and a straight or branched alkoxy group having 1 to 5 carbon atoms. 
[0041] The cycloalkenyl group having 4 to 8 carbon atoms which is optionally substituted means a cycloalkenyl group 

55 which is substituted or unsubstituted, and examples thereof are a cylcoalkenyl group (e.g., a cyciobutenyl group, a 
cyclopentenyl group, a cyclohexenyl group, a cycloheptenyl group or a cyclooctenyl group) and the cycloalkenyl group 
of which the hydrogen atom is substituted with at least one selected from the group consisting of a halogen atom, a 
hydroxyl group, a carboxyl group, an amino group, an aminocarbonyl group, a straight or branched alkyl group having 
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1 to 5 carbon atoms and a straight or branched alkoxy group having 1 to 5 carbon atoms. 

[0042] The bicycloalkyl group having 5 to 1 0 carbon atoms which is optionally substituted means a bicycloalkyl group 
which is substituted or unsubstituted, and examples thereof are a bicycloalkyl group (e.g., a bicyclopentyl group, a 
Dicyclohexyl group, a bicycloheptyl group, a bicyclooctyl group, a bicyclononyl group or a bicyclodecyl group) and the 

5 bicycloalkyl group of which the hydrogen atom is substituted with at least one selected from the group consisting of a 
halogen atom, a hydroxyl group, a carboxyl group, an amino group, an aminocarbonyl group, a straight or branched 
alkyl group having 1 to 5 carbon atoms and a straight or branched alkoxy group having 1 to 5 carbon atoms. 
[0043] The bicycloalkenyl group having 5 to 1 0 carbon atoms which is optionally substituted means a bicycloalkenyl 
group which is substituted or unsubstituted, and examples thereof are bicycloalkenyl groups (e.g., a bicyclopentenyl 

10 group, a bicyclohexe'nyl group, a bicycloheptenyl group, a bicyclooctenyl group,' a bicyclononenyl group or a bicy- 
clodecenyl group) and the bicycloalkenyl group of which the hydrogen atom is substituted with at least one group 
selected from the group consisting of a halogen atom, a hydroxyl group, a carboxyl group, an amino group, an amino- 
carbonyl 'group, a straight or branched alkyl group having 1 to 5 carbon atoms and a straight or branched alkoxy group 
having 1 to 5 carbon atoms. 

15 [0044] The cyclic amino group having 2 to 10 carbon atoms which is optionally substituted means a cyclic amino 
group which has at least one nitrogen atom and has optionally at least one of an oxygen atom and a sulfur atom on 
the ring, and is substituted or unsubstituted, and examples thereof are a cyclic amino group (e.g., an aziridyl group, 
an azetidyl group, a pyrrolidyl group, an imidazolidyl group, an oxazolidyl group, a thiazolidyl group, a piperidyl group, 
a morpholinyl group, an azabicycloheptyl group or an azabicyclooctyl group), the cyclic amino group which is conde/ised 

20 with a benzene ring or a pyridine ring, and the cyclic amino group (including those which are condensed with a benzene 
ring or a pyridine ring) of which the hydrogen atom is substituted with at least one group selected from the group 
consisting of a halogen atom, a hydroxyl group 1 , an amino group, a straight or branched alkyl group having 1 to 5 carbon 
atoms, and -OR 15 (wherein R 15 is a straight or branched alkyl group having 1 ,to 5 carbon atoms, an aminocarbonyl- 
methyl group or a benzyl group). 

25 [0045] Examples of the pharmaceutical ly acceptable salt are salts with mineral acids such as sulfuric acid, hydro- 
chloric acid, hydrobromic acid or phosphoric acid, and salts with organic acids such as acetic acid, oxalic acid, lactic 
acid, tartaric acid, fumaric acid, maleic acid, trifluoroacetic acid or methanesulfonic acid. 

[0046] Preferred compounds .of the present invention are shown as follows: . ■ 

■ [0047] In view of DPP IV inhibition activity, R 1 is preferably a halogen, atorn, and especially preferably a fluorine atom. 

30 r2 i S preferably a hydrogen atom or a halogen atom, and especially preferably a hydrogen atom. 

[0048] In Formula (1) or (2), when Y is -CH 2 -, Z Is preferably an alkyl group having 1 to 10 carbon atoms which is 
optionally substituted with at least one selected from the group consisting of a hydroxyl group, an alkoxy group having 
1 to 5 carbon atoms, a hydroxyalkyl group having 1 to 5 carbon atoms, an optionally substituted phenyl group and 
-NHR 11 (wherein R 11 is an optionally substituted pyridyl group) . In this case, Z is preferably a branched or cyclic alkyl 

35 group having 4 to 1 0 carbon atoms which is optionally substituted with at least one selected from the group consisting 
of a hydroxyl group, a hydroxyalkyl group having 1 to 5 carbon atoms and an alkoxy group having 1 to 5 carbon atoms, 
and especially preferably a branched alkyl group having 4 to 10 carbon atoms which is optionally substituted with at 
least one selected from the group consisting of a hydroxyl group and a hydroxyalkyl group having 1 to 5 carbon atoms, 
a cycloalkyl group having 4 to 10 carbon atom or an adamantyl group, and most preferably a tert-butyl group, a (1-hy- 

40 droxymethy)cyclopentyl group or a (2-hydroxy-1 ,1-dimethyl)ethyl group. 

[0049] In Formula (1 ) or (2), it is preferable that when Y is -CR 5 R 6 - (wherein R 5 is a hydrogen atom, R 6 is an optionally 
substituted alkyl group having 1 to 10 carbon atoms) or -CR 7 R 8 -CR 9 R 10 - (wherein R 8 and R 10 are each a hydrogen 
atom, and R 7 and R 9 together with the carbon atom to which they are attached form a cycloalkyl group having 3 to 8 
carbon atoms), Z is H or -CH 3 : 

45 [0050] In this case, it is further preferable that when Y is -CR 5 R 6 - {wherein R 5 is a hydrogen atom, R 6 . is a branched 
or cyclic alkyl group having 3 to 6 carbon atoms which is optionally substituted with at least one selected from the 
group consisting of a hydroxyl group and -OR 14 (wherein R 14 is a straight or branched alkyl group having 1 to 5 carbon 
atoms or a benzyl group)}, Z is a hydrogen atom. It is further preferable that when Y is -CR 5 R 6 - (wherein R 5 is a 
hydrogen atom, and R 6 is a branched or cyclic alkyl group having 3 to 6 carbon atoms), Z is a hydrogen atom, and it 

so is especially preferable that when Y is -CH[CH(CH 3 ) 2 ]-, -CH[C(CH 3 ) 3 ]- or -CH[CH(CH 3 )CH 2 CH 3 ]-, Z is a hydrogen 
atom. 

[0051 ] In Formula (1 ) or (2), preferred examples of the optionally substituted cyclic amino group having 2 to 1 0 carbon 
atoms which is formed by Y and Z together with the nitrogen atom to which they are attached, are a pyrrolidyl group, 
a piperidyl group and a cyclic amino group which is formed by condensing a pyrrolidyl group or a piperidyl group with 
55 a benzene ring, and preferred substituent thereof includes a hydroxyl group or -OR 15 (wherein R 15 is defined as above). 
[0052] The compounds of the present invention can inhibit dipeptidyl peptidase IV, and therefore, they increase 
insulin activity, improve glucose metabolism, and can contribute to inhibition of neuropeptide Y metabolism, inhibition 
of T-cell activity, inhibition of adhesion of cancer cells to the endothelium and prevention of invasion of HIV virus into 
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lymphocytes. 

[0053] Accordingly, the present invention is to provide a pharmaceutical preparation for preventing or treating dis- 
eases or conditions capable of toeing improved by inhibition of dipeptidyl peptidase IV, for example, diabetes mellitus 
(especially the type 2), immune diseases, arthritis, obesity, osteoporosis, conditions of glucose tolerance, benign pro- 

s static hypertrophy or skin diseases. 

[0054] The pharmaceutical preparation for immune diseases includes immunosuppresors for tissue transplantation, 
for example, cytokine-release inhibitors in various autoimmune diseases such as inflammatory enteritis, multiple scle- 
rosis or chronic rheumatoid arthritis (RA), drugs useful for preventing or treating AIDS due to prevention of invasion of 
HIV intoT-cells, drugs for metastasis obviation, especially, metastasis obviation of breast or prostatic cancer into* lung. 

10 [0055] The pharmaceutical preparation of present invention can be administered systemically or locally, or orally or 
parentelly such as rectally ; subcutaneously, intramuscularly, intravenously or percutaneusly. 

[0056] For use of the compound of the present invention as a pharmaceutical preparation, any dosage form can be 
properly selected as necessary from solid compositions, liquid compositions and other compositions. The pharmaceu- 
tical preparation of the present invention can be produced by combining the compound of the present invention with 

15 pharmaceutical^ acceptable carriers. Specifically, tablets, pills, capsules, granules, powders, fine powders, solutions, 
emulsions, suspensions or injections can be produced by adding convenient excipients, fillers, binders, disintegrators, 
coating agents, sugar coating agents, pH modulators, solublizing agents, or aqueous or non-aqueous solvents accord- 
ing to the conventional pharmaceutical preparation techniques. Excipients and fillers include lactose, magnesium stea- 
rate, starch, talc, gelatin; agar, pectin, arabic gum, olive oil, sesame oil, cacao butter, ethylene glycol and other con- 

20 ventional materials. 

[0057] Furthermore, the compounds of the present invention can be formulated into the form of an inclusion com- 
pound with a-, p- or y-cyclodextrin, or methylated cyclodextrin.. 

[0058] A dose of the compound of the present invention varies depending upon disease, conditions, body weight, 
age, sex, administration route, but the dose for adult is preferably from about 1 to about 1000 mg/kg of body weight/ 
25 day for oral administration, and specifically preferably from about 10 to about 200 mg/kg of body weight/day, and may 
be given at once or by dividing. 

[0059] The compounds of Formula (1) can be prepared by the general preparation processes. 

. • . • . ., , ■ • t ••■< • 

[General Preparation Process] 1 

30 

[0060] , 

i 

[Reaction Scheme 1] 

35 



40 




45 

wherein X, Y, Z, R 1 , R 2 , R 3 and R 4 are defined as above, Ra is a cyano group, an aminocarbonyl group or an alkoxy- 
carbonyl group, and Rb is a protecting group of an amino group. 

[0061] The deprotection can be carried out by the method described in Protective Groups in Organic Synthesis by 
Theodora W. Greene and Peter G. M. Wu Ts. 

so [0062] For example, the compound wherein Rb is a group to be deprotected with an acid (e.g., a tert-butoxycarbonyl 
group, a trityl group or an o-nitrobenzenesulfenyl group) can be deprotected using an acid such as hydrochloric acid, 
sulfuric acid, trifluoroacetic acid, p-toluenesulfonic acid or methanesulfonic acid. In this case, the deprotection can be 
carried out using the acid which is diluted with or dissolved in an organic solvent or water. The reaction can be carried 
out at a temperature of -50 to 50°C. Examples of the organic solvent are ethanol, methanol, tetrahydrofuran, N,N- 

55 dimethylformamide, dichloromethane, chloroform and 1 ,2-dichloroethane. Furthermore, for example, the compound 
wherein Rb is a group to be deprotected by hydrogenolysis (e.g., a benzyloxycarbonyl group) can be deprotected by 
hydrogenolysis using a metal catalyst (e.g., palladium). The solvent to be used includes a reaction-inert solvent (e.g., 
ethanol, methanol, tetrahydrofuran or ethyl acetate). The reaction can be carried at a temperature of 0 to 100°C. 
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Furthermore, this reaction can be also carried out using a hydrogen gas or using a .combination of reagents (e.g., formic 
acid - ammonium formate). For another example, the compound wherein Rb is a protective group to be deproteqted 
by a base (e.g., a fluorenyloxycarbonyl group) can be deprotected using a base (e.g., diethylamine, piperidine, am- 
monia, sodium hydroxide or potassium carbonate). These bases can be uae^d directly or after diluting with, dissolving 

5 or suspending in a solvent. In this case, examples of the solvent to be used are water ethanol methanol, tetrahydro- 
furan, N } N-dimethylformamide, dichloromethane, chloroform and 1 ,2-dichloroethane. The reaction can be carried out 
at a temperature of Oto 100°C. In addition the compound wherein Rb is a group to be deprotected by a metal catalyst 
{e.g., an allyloxycarbonyl group) can be deprotected using, for example, tetrakis(triphenylphoshine)palladium as a 
catalyst or a reagent in a reaction-inert solvent (e.g., dichloromethane, chloroform or tetrahydrofuran). The reaction 

10 can be carried out atf a temperature of 0 to 1 00°C. , 

' 'i 

• [Reaction Scheme 2] 

15 



20 



25 




' ii 

so wherein X, Y, Z, R 1 , R 2 , R 3 , R 4 and Ra are defined as above, and Rc is a leaving group (e.g., a halogen atom or a 
sulfonyloxy group) or a group capable of being converted into a leaving group. • 
[0063J For example, the compound wherein Rc is a leaving group (e.g., a 1 chlorine atom, a bromine atom, an iodine 
atom, a methanesulfonyloxy group or a p-toluenesulfonyloxy group) can be subjected to a substitution reaction using 
a primary amine (Z-NH 2 )(e.g., ethylamine, isopropylamine, tert-butylamine, benzylamine, a substituted benzylamine, 

35 phenethylamine, a substituted phenethylamine or a 2-(substituted pyridylamino)ethylamine). In this case, the amine 
may be used in an excess amount, or alternatively a base may be further added. Examples of the base to be added 
are an amine (e.g., triethylamine or diisopropylethylamine) or an inorganic base (e.g., potassium carbonate). If nec- 
essary, for example, sodium iodide may be added for accelerating the reaction. The reaction solvent includes a reaction- 
inert solvent such as N,N-dimethytformamide, tetrahydrofuran, dioxane, dichloromethane or chloroform. The reaction 

40 can be carried out at a temperature of 0 to 100°C. 

[0064] An example of the group, presented by Rc, capable of being converted into a leaving group, is a hydroxyl 
group, in this case, the above-mentioned reaction can be carried out after cHlorination, bromination, iodination, meth- 
anesulfonation, p-toluenesulfonation or the like. Examples of chlorination are a method using carbon tetrachloride and 
triphenylphosphine, a method using thionyl chloride or phosphorus oxychloride and a method for substituting a leaving 

45 group with lithium chloride or the like after forming the leaving group with tosyl chloride, etc. These reactions can be 
carried out using a reaction-inert solvent such as tetrahydrofuran, dioxane, dichloromethane, chloroform or N,N-dimeth- 
ylformamide, at a temperature of -50 to 100°C. An example of bromination is a method using carbon tetrabromide and 
triphenylphosphine. This reaction can be carried out by using a react ion -inert solvent such as tetrahydrofuran, dioxane, 
dichloromethane, chloroform or N,N-dimethylformamide, at a temperature of -50 to 50°C. An example of iodination is 

so a method using iodine, triphenylphosphine and imidazole. This reaction can be carried out by using a reaction-inert 
solvent such as tetrahydrofuran, dioxane, dichloromethane, chloroform or N,N-dimethylformamide, at a temperature 
of -50 to 100°C. Methanesulfonation and p-toluenesulfonation are each carried out by a method using methanesulfonyl 
chloride and p-toluenesulfonyl chloride, respectively. In these cases, a suitable base can be optionally added. Examples 
of the base to be added are an amine (e.g., triethylamine or diisopropylethylamine) and an inorganic base (e.g., po- 

55 tassium carbonate). As the reaction solvent can be used a reaction-inert solvent (e.g., N,N-dimethylformamide, tet- 
rahydrofuran, dioxane, dichloromethane, chloroform or 1,2-dichloroethane), and the reaction can be carried out at a 
temperature of -50 to 50°C. 
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wherein X, Y Z, R 1 , R 2 , R 3 , R 4 , Ra, Rb and Rc are defined as above. 

[0065] For example, the compound wherein Rc is a leaving group (e.g., a chlorine atom, a bromine atom, iodine 
15 atom, a methanesulfonyloxy group or a p-toluenesufonyloxy group) can be subjected to substitution reaction using a 
compound represented by Z-NH-Rb (wherein Z and Rb are defined as above). In this case, for example, sodium 
hydride, potassium tert-butoxide, n-butyl lithium or lithium diisopropylamide can be used as a base. As a solvent can 
be used N,N-dimethylformamide, tetrahydrofuran or dioxane. The reaction can be carried out at a temperature of -50 
to50°C. ' 

20 [0066] An example of the group, presented by Rc, capable of being converted into a leaving group, is a hydroxyl 
group. In this case, the above-mentioned reaction can be carried out after chlorination, bromination, iodination, meth- 
anesulfonation or p-toiuenesulfonation as illustrated in Reaction Scheme 2. 

25 [Reaction Scheme 4] 




X R1 x R1 

hn A: /^i^ R2 z— Rd H i[ /^L^R 2 

Y \ R3 



Ra R 4 



wherein X, Y, Z, R 1 , R 2 , R 3 ', R 4 and Ra are defined as above, and Rd is a leaving group such as a halogen atom or a 
sulfonyloxy group. 

[0067] When Z-Rd is used, the amino group of the material can be reacted with Z-Rd to give the object compound. 

40 For example, the compound wherein Rd is a chlorine atom, a bromine atom, an iodine atom, a methanesulfonyloxy 
group, a p-toluenesulfonyloxy group or the like can be reacted with an amino compound of the material in the presence 
of a suitable base. Examples of the base to be added are amines (e.g., triethylamine or diisopropylethylamine) and 
inorganic bases (e.g., potassium carbonate). Examples of the reaction solvent are N,N-dimethylformamide, tetrahy- 
drofuran and dioxane. The reaction can be carried out at a temperature of 0 to 100°C. 

45 [0068] In addition, when Z=0 (aldehyde or ketone compound) is used, the reaction can be carried out using a primary 
amino group of the material under the conditions for a suitable reduction method. The reduction method to be used 
includes a hydrogenation using a reductant (e.g., sodium borohydride or sodium cyanoborohydride) or palladium. Ex- 
amples of the solvent to be used are reaction-inert solvents (e.g., ethanol, methanol, tetrahydrofuran, dioxane or water). 
The reaction can be carried out at a temperature of -20 to 1 00°C. 

50 
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[Reaction Scheme 5] 
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20 



wherein X, Y, Z, R 1 , R 2 R 3 , R 4 Ra, Rb and Rd are defined as above. 

[0069] The protected amino group of the material is reacted with Z-Rd to give the object compound. In this case, the 
reaction can be carried out by adding a suitable base, examples of which are sodium hydride, potassium tert-butoxide, 
n-butyl lithium and lithium diisopropylamide. Examples of the reaction solvent are N,N-dimethylformamide, tetrahydro- 
furan and dioxane. The reaction can be carried out at a temperature of -50 to 50°C. 

* 

[Reaction Scheme 6] 
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wherein Re is -C(=X)-Y-NH-Z, -C(=X)-Y-N(Rb)-Z, -C(=X)-Y-Rc or Rb, and R 1 , R 2 , R 3 , R 4 , X, Y, Z, Rb and Rc are defined 
as above. 

[0070] The aminocarbonyl group can be converted into a cyano group by a general dehydration, an example of which 
is a method using trifluoroacetic anhydride. The solvent to be used herein includes a reaction-inert solvent such as 
dichloromethane, chloroform, 1 ,2-dichloroethane, tetrahydrofuran, dioxane or N,N-dimethylformamide. In this case, a 
base (e.g., triethylamine, diisopropylethylamine, sodium bicarbonate or potassium carbonate) can be used if necessary. 
The reaction can be carried out at a temperature of -50 to 50°C. 

[0071] Another example is a method using phosphorus oxychloride. In this case, the solvent to be used herein in- 
cludes dichloromethane, chloroform, 1 ,2-dichloroethane, tetrahydrofuran, dioxane or pyridine.' They can be used alone 
or in combination with at least two solvents thereof. This reaction may be carried out by adding imidazole, etc., at a 
temperature of -50 to 50°C. 

[0072] Still another example is a method using cyanuric chloride and N,N-dimethylformamide. In this case, the solvent 
to be used herein includes dichloromethane, chloroform, 1 ,2-dichloroethane, tetrahydrofuran, dioxane or.pyridine. They 
can be used alone or in combination with at least two solvents thereof. This reaction can be carried out at a temperature 
of-50to50°C. 



so 



[Reaction Scheme 7] 
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wherein Re, R 1 , R 2 , R 3 , R 4 and Ra are defined as above, and R 1 a, R 2 a, R 3 a and R 4 a are the same as R 1 , R 2 , R 3 and 
15 R4 respectively or the groups capable of being converted into R 1 , R 2 , R 3 and R 4 : respectively. 

[0073] An example of modification of the pyrrolidine ring is a conversion of the substituent(s). For example : the 
compound wherein one of R 1 a, R 2 a, R 3 a and R 4 a is a hydroxyl group is subjected to haiogenation to give a fluorine 
compound, a chlorine compound or a bromine compound or the like. In detail, examples of fluorination are methods 
using diethylaminosulfurtrifluoride, dimethylsulfurtrifluoride, etc. These reactions are started at a temperature of -78°C 
20 to room temperature and achieved by maintaining a temperature at room temperature to 50°C using a reaction-inert 
solvent such as tetrahydrofuran, dioxane, dichloromethane, chloroform, 1,2-dichloroethane or toluene. Another exam- 
ple of fluorination is a method for converting a hydroxyl group into a leaving group, followed by conversion into a fluorine 
atom. The conversion into the leaving group is carried out by the same method as illustrated in Reaction Scheme 2. 
After the conversion into the leaving group, the method for converting into a fluorine atom includes methods for reaction 
25 with tetrabutylammonium fluoride, caesium fluoride, or the like. These methods can be carried out using a reaction- 
inert solvent such as tetrahydrofuran, dioxane, dichloromethane, chloroform,. N : N-dimethylformamide or water at a 
temperature of -50 to 1 00°C, 

[0074] Examples of chlorination are a method using carbon tetrachloride and triphenylphosphine, a method* using 
thionyl chloride and phosphorus oxychlpride and a method for converting into a leaving group using tosyl chloride, etc. 

30 and substituting it with lithium chloride, etc. These reactions can be carried out using a reaction-inert solvent such as 
tetrahydrofuran, dioxane, dichloromethane, chloroform and N,N-dimethylformamide at a, temperature of -50 to 100°C. 
[0075] Still another example is a method for sterically inverting a hydroxyl group, example of which is a Mitsunqbu 
reaction. In this reaction, the hydroxyl group is reacted with diethyl azodicarboxylate, triphenylphosphine and a car- 
boxylic acid such as acetic acid to give a sterically inverted ester, which is then hydrolyzed to give a inverted hydroxyl 

35 group. This reaction is carried out using a reaction-inert solvent such as tetrahydrofuran, dioxane, dichloromethane, 
chloroform or N,N-dimethylformamide at a temperature of -50 to 50°C. 

[0076] The compound wherein R 1 and R 2 , or R 3 and R 4 together form an oxo can be synthesized by an oxidation 
using a compound wherein one of R 1 a, R 2 a, R 3 a and R 4 a is a hydroxyl group. Examples of the oxidation are a method 
using a chromate oxidant (e.g., pyridinium chlorochromate or pyridinium dichromate) and a DMSO oxidation method 
40 using activating agents (e.g., dimethyl sulfoxide and oxalyl chloride). For example, the reaction using pyridinium chlo- 
rochromate can be carried out using a reaction-inert solvent such as dichloromethane, chloroform, N,N-dimethylfor- 
mamide, tetrahydrofuran or dioxane at a temperature of 0 to 50°C. 



[Reaction Scheme 8] 
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wherein R 1 , R 2 R 3 R 4 , Re and Ra are defined as above. 

[0077] A 1-H-pyrrolidine derivative or a salt thereof is subjected to condensation to give an amide compound, a 
thioamide compound or a carbamate compound. For example, amidation can be carried out using an acyl halide (e. 
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g., an acyl chloride or an acyl bromide) in a reaction-inert solvent such as dichloromethane, chloroform, 1 ,2-dichlo- 
roethane, tetrahydrofuran, dioxane, toluene or ethyl acetate. In this case can be used a base, examples of which are 
amines (e.g., triethylamine or diisopropylethylamine), organic acid salts (e.g., sodium 2-ethylhexanoate or potassium 
2-ethylhexanoate) and inorganic bases (e.g., potassium carbonate). These Reactions can be carried out at a temper- 
5 ature of -50 to 100°C. Another amidation can be carried out using an activating ester such as 1 -benzotriazolyl ester 
or succinimidyl ester in a reaction solvent (e.g., dichloromethane, chloroform, 1 ,2-dichloroethane, N,N-dimethylforma- 
mide, tetrahydrofuran, dioxane, toluene or ethyl acetate). The reaction can be carried out at a temperature of -50 to 
50°C. 

[0078] Still another amidation can be carried out by using atcarboxylic acid and a condensing agent for dehydration. 

10 Examples of the condensing agent for dehydration are 1-ethyl-3-(3-dimethylamin6propyl)carbodiimide-hydrochloride, 
dicyclohexylcarbodiimide, diphenylphosphoryl azide and carbonyldiimidazdle. If necessary, an activating agent (e.g., 
1-hydroxybenzotriazole or hydroxysuccinimide) can be used. Examples of the reaction solvent are dichloromethane, 
chloroform, 1 ,2-dichloroethane, N : N-dimethylformamide, tetrahydrofuran, dioxane, toluene and ethyl acetate. In this 
case can be used a base, examples of which are amines (e.g., triethylamine or diisopropylethylamine), organic acid 

15 salts (e.g., sodium 2-ethylhexanoate or potassium 2-ethylhexanoate) and inprganic bases (e.g., potassium carbonate). 
The reaction can be carried out at a temperature of -50 to 50°C. 

[0079] Furthermore, for example, amidation can be carried out by using a mixed acid anhydride obtained from a 
carboxylic acid and a chlorocarboxylate ester. The solvent for the reaction includes reaction -inert solvents such as 
tetrahydrofuran, dioxane, dichloromethane, chloroform, N,N-dimethylformamide, toluene or ethyl acetate. In this,case 
20 can be used a base, examples of which are amines (e.g., triethylamine or diisopropylethylamine), organic acid salts 
(e.g., sodium 2-ethylhexanoate or potassium 2-ethylhexanoate) and inorganic bases (e.g., potassium carbonate). The 
reaction can be carried out at a temperature 6f -50 to 50°C. 

[0080] Protection of the amino group can be carried out using di-tert-butyldicarboxylate, benzyloxycarbonyl chloride 
or fluorenylmethoxycarbonyl chloride in the presence of a suitable base. Examples of the base are amines (e.g., tri- 
25 ethylamine or diisopropylethylamine) and inorganic bases (e.g., potassium carbonate). The solvents in these reactions 
include react ion -inert solvents such as tetrahydrofuran, dioxane, dichloromethane, chloroform, N,N-dimethylforma- 
mide, toluene, ethyl acetate or water. These reactions can be carried out at a temperature of -50 to 50°C. 

*»• • • ' . , ...... »i , . » 

■ . it 

30 [Reaction Scheme 9] 
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wherein R 1 , R 2 , R 3 , R 4 and Re are defined as above, and Rf is a hydrogen atom, a lower alkyi group, a benzyl group, 
an allyl group, etc. 

45 [0081] The method is a conversion of a carboxyl group, a salt thereof or an ester thereof into an aminocarbonyl 
group. When the compound wherein COORf is a carboxyl group or a salt thereof is used as a material, ammonia can 
be used under an ordinary amidation condition for the synthesis. An example of the amidation is a method for converting 
a carboxyl group or a salt thereof into an acid chloride using thionyl chloride, phosphorus oxychloride or oxalyl chloride, 
followed by condensation with ammonia. Examples of the solvent in these reactions are reaction-inert solvents such 

so as tetrahydrofuran, dioxane, dichloromethane, chloroform, 1,2-dichloroethane, N,N-dimethylfonriamide, toluene or 
ethyl acetate. These reactions can be carried out at a temperature of -50 to 50°C. 

[0082] Another example of the amidation is a method using a condensing agent for dehydration and ammonia. In 
this reaction is used a condensing agent such as 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride, dicy- 
clohexylcarbodiimide, diphenylphosphoryl azide or carbonyldiimidazole. If necessary, an activating agent (e.g., 1-hy- 
55 droxybenzotriazole or hydroxysuccinimide) can be added. Examples of the solvent in these reactions are reaction -inert 
solvents such as tetrahydrofuran, dioxane, dichloromethane, chloroform, 1 ,2-dichloroethane, N.N-dimethylformamide, 
toluene, ethyl acetate or acetonitrile. These reactions can be carried out at a temperature of -50 to 50°C. 
[0083] Still another example of the amidation is a method using a mixed acid anhydride (obtained from a carboxylic 
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acid and a chlorocarbonate ester) and ammonia. Examples of the solvent in the reaction are reaction-inert solvents 
such as tetrahydrofuran, dioxane, di'chloromethane, chloroform, 1 ,2-dichloroethane, N,N-dimethylformamide, toluene 
or ethyl acetate. These reactions can be carried out at a temperature of -50 to 50°C. 

[0084] Conversion of COORf (which is an ester) of the compound into an aminocarbonyl group can be carried out 
by a direct reaction with ammonia, or can be carried out by conversion of the ester into a carboxylic acid or a salt 
thereof, followed by conversion of the carboxylic acid into an aminocarbonyl group according to the above-mentioned 
method. The conversion of an ester into a carboxylic acid or a salt thereof is carried out according to the method 
described in Protective Groups in Organic Synthesis by Theodora W. Greene and Peter G. M. Wu Ts. The conversion 
by the direct reaction with ammonia is carried out using ammonia gas or aqueous ammonia in a solvent (e.g., water, 
methanol, ethanol, tetrahydrofuran, dioxane, dichloromethane, chloroform, N,N-dimethylformamide ortoluene) or with- 
out a solvent at a temperature of 0 to 100°C and, if necessary, with sealing for preventing volatilization of ammonia. 



wherein R 1 , R 2 , R 3 , R 4 , Ra and Rb are defined as above. 

[0085] Rb (which is a protecting group of an, amino group) can be deprotected, for example, by a method described 
in Reaction Scheme 1 . The resulting amine can be obtained as a base or an acid salt. Examples of the suitable acid 
to be used are hydrochloric acid, sulfuric acid, trifluoroacetic acid, p-toluenesulfonic acid, methanesulfonic acid and 
acetic acid. 

[0086] The present invention is illustrated in more detail by the following reference examples, examples and exper- 
iments, however, being not limited thereto. 

Reference Example 1 

Synthesis of (2S,4S)-1-(tert-butoxycarbonyl)-4-fluoropyrrolidine-2-carboxylic acid 

[0087] Referring to Tetrahedron Letter 39(10), 1169- 1172 (1998), the title compound (4.5 g) which is the material 
of Example 1 (1 ) was obtained from methyl (2S,4R)-1 -(tert-butoxycarbonyl)-4-hydroxypyrrolidine-2-carboxylate (6.8 g) 
by two steps. 

Reference Example 2 

Synthesis of (2S,4R)-1-(tert-butoxycarbonyl)-4-fluoropyrrolidine-2-carboxylic acid 

[0088] Referring to Tetrahedron Letter 39(1 0), 1 1 69 - 1 1 72 (1 998), the title compound (370 mg) which is the material 
of Example 3(1) was obtained from methyl (2S,4S)-1-(tert-butbxycarbonyl)-4-hydroxypyrrolidine-2-carboxylate (500 
mg) by two steps. 

Reference Example 3 

Synthesis of (2S,4R)-2-(aminocarbonyl)-1 -(tert-butoxycarbonyl)-4-hydroxypyrrolidine 

[0089] In dioxane (50 mL) were suspended (2S,4R)-1-(tert-butoxycarbonyl)-4-hydroxypyrrolidine-2-carboxylic acid 
(2.31 g) and 1 -hydroxybenzotriazole monohydrate (1 .51 g), and then 1 -(3,3-dimethylaminopropyl)-3-ethylcarbodiimide 
hydrochloride (2.11 g) and 25% aqueous ammonia (0.68 mL) were added with ice-cooling. The temperature was grad- 
ually raised to room temperature, and then, the mixture was stirred overnight. The reaction solution was concentrated 
under reduced pressure, and the resulting residue was purified by a silica gel column chromatography (developing 



[Reaction Scheme 10] 
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solvent; chloroform : methanol =100:3 - 100:7) to give the title compound (2.19 g) as a colorless powder. 
Example 1 

5 Synthesis of (2S ) 4S)-1-[(2S,3S)-2-amino-3-methylpentanoyl]-2-cyano-4-fluoropyrrplidine hydrochloride 
(1) Synthesis of (2S,4S)-2-(aminocarbonyl)-1-(tert-butoxycarbonyl)-4-fluoropyrrolidine 

[0090] In acetonitrile (50 mL) was dissolved (2S,4S)-1-(tert-butoxycarbbnyl)-4-fluoropyrrolidine-2-carboxylic acid 
10 (4.5 g) obtained in Reference Example 1 : then 1 -hydroxybenzotriazole monohydr'ate (3.6 g) and 1-(3,3-dimethylami- 
nopropyl)-3-ethylcarbodiimide hydrochloride (4.5 g/were added with iceksooling. The temperature was gradually 
raised, and then, the mixture was stirred at room temperature overnight. The reaction solution was again ice-cooled, 
25% aqJeous ammonia (5 mL) was added, and stirring was continued with ice-cooling for 30 minutes then at room 
temperature for 30 minutes. To the reaction solution was added acetonitrile (50 mL), and an insoluble substance was 
15 removed by filtration. The filtrate was concentrated under reduced pressure and purified by a silica gel column chro- 
matography (developing solvent; hexane : ethyl acetate =4:1 - 1 :5). To the resulting residue was added hexane to give 
the title compound (4.2 g) as a colorless powder. 

MS(ESI pos.)m/z: 255([M+Na]+, (ESI neg.)m/z: 231 ([M-H]-) 

♦ 

20 (2) Synthesis of (2S t 4S)-2-(aminocarbonyl)-4-fluoropyrrolidine hydrochloride 

[0091] ln'4M-hydrochloric acid-dioxane (45 hnL) was suspended (2S,4S)-2-(aminocarbonyl)-1 -(tert-butoxycarbonyl)- 
4-fluoropyrrolidine (4.2 g) and, after stirring at room temperature for 2 hours, the reaction solution was concentrated 
under reduced pressure. To the residue was added toluene (50 mL), followed by further concentration under reduced 
25 pressure. This was repeated 3 times to give the title compound (3.1 g) as a colorless powder. This intermediate was 
used for the next reaction without purification. ( 

(3) Synthesis of (2S,4S)-2-(ammocarbonyl)-1 -[(2S,3S)-2-(fluorenylmethoxycarbonylamino)-3-methylpentanoyl]- . » 
■ 4-fluoropyrrolidine , , 

30 

[0092] In tetrahydrofuran (40 mL) - N,N-dimethyiformamide (10 mL) were dissolved (2S,4S)-2-(aminocarbonyl)- 
4-fhjoropyrrolltiine hydrochloride (2.4 g) and (2S,3S)-2-(fluorenylmethoxyca J roonylamino)-3-methylpentanoic acid (5.1 
g), and then 1 -hydroxybenzotriazole monohydrate (2.6 g), 1 -(3,3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochlo- 
ride (3.3 g) and diisopropylethylamine (2.5 mL) were added with ice-cooling, and the temperature was gradually raised, 
35 followed by stirring at room temperature overnight. The solution was concentrated under reduced pressure, and water 
was added to the resulting residue. The resulting powder was collected by filtration and purified by a silica gel column 
chromatography (developing solvent; hexane : ethyl acetate =4:1 - 1:4) to give the title compound (6.9 g) as a pale 
yellow amorphous substance. 

MS(ESI pos.)m/z: 490([M+Na]+). 

40 

(4) Synthesis of (2S,4S)-2-cyano-1 -[(2S,3S)-2-(fluorenylmethoxycarbonylamino)-3-methylpentanoyl]- 
4-fluoropyrrolidine 

[0093] In tetrahydrofuran (70 mL) was dissolved (2S,4S)-2-(aminocarbonyl)-1-[(2S,3S)-2-(fluorenylmethoxycarbo- 
45 nylamino)-3-methylpentanoyl]-4-fluoropyrrolidine (6.9 g), and trifluoroacetic anhydride (4.0 mL) was added with ice- 
cooling, followed by stirring with ice-cooling for 1 .5 hours. The reaction solution was concentrated under reduced pres- 
sure, and the residue was purified by a silica gel column chromatography (developing solvent; hexane : ethyl acetate 
=8:1 - 3:2) to give the title compound (6.2 g) as a pale yellow amorphous substance. 
MS(ESI pos.)m/z: 472([M+Na] + ) 

50 

(5) Synthesis of (2S,4S)-1-[(2S,3S)-2ramino-3-methylpentanoyl]-2-cyano-4-fluoropyrrolidine hydrochloride 

[0094] In 1 ,2-dichloroethane (90 mL) was dissolved (2S,4S)-2-cyano-1-[(2S,3S)-2-(fluorenylmethoxycarbonylami- 
no)-3-methylpentanoyl]-4-fluoropyrrolidine (6.2 g) and, after addition of diethylamine (10 mL) with ice-cooling, stirring 
55 was continued with ice-cooling for 30 minutes and then at room temperature for 5 hours. The solution was concentrated 
under reduced pressure, the residue was dissolved in a mixture of diethyl ether (1 00 mL), tetrahydrofuran (50 mL) and 
chloroform (50 mL), and then 4M hydrochloric acid - dioxane (4.0 mL) was added with ice-cooling. The resulting salt 
was collected by filtration and washed with diethyl ether. The resulting powder was purified by a silica gel column 
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chromatography (developing solvent; chloroform : methanol : 25% aqueous ammonia =40:1:0.1 - 25:1:0.1). The re- 
sulting residue was dissolved in chloroform and, after addition of 4M hydrochloric acid-dioxane (4.0 mL) with ice-cooling, 
the resulting salt was collectedly filtration, washed with chloroform and dried under reduced pressure to give the title 
compound (2.9 g) as a colorless. powder. 

MS(ESI pos.)m/z: 228([M+H] + ), 250([M+Na] + ), (ESI neg.)m/z: 262([M+CL]-). 

1 H-NMR(DM'SO-d 6 ,500MHz)5; 8.59(3H,br s), 5.54(1 H,br d, J=52.1Hz), 5.06(1 H,d,J=9.4Hz), 4.07-3.77(3H,m), 
2.55-2.34(2 H, m), 1 .88(1 H,m), 1 .61 (1 H,m), 1 .1 7(1 Km), 0.94(3H,d,J=6.7Hz ),0.88(3H,t,J=7.3Hz). 

Example 2 ' 

Synthesis of (2S,4S)-1 -[(2S,3S)-2-amino-3-methylpentanoyl]-2-cyano-4-fluoropyrrolidine hydrobromide. 

[0095] In ethanol (1 mL) was dissolved (2S,4S)-i -[(2S,3S)-2-amino-3-methylpentanoyl]-2-cyano-4-fluoropyrrolidine 
(0.5 g) obtained in Example 1 , and the solution was added to an ice-cooled ethanol solution (2 mL) of 48% hydrobromic 
acid (0.26 mL). Further, ethano! (2 mL) and pentane (3 mL) were added and stirred, and the precipitated crystals were 
collected by filtration. The resulting crystals were dissolved in methanol (1 .75 mL) and added to an ice-cooled 2-pro- 
panol (14 mL). To this was added pentane (3.5 mL), followed by stirring. The precipitated crystals were collected by 
filtration to give the title compound (0.28 g) as a colorless powder. 

Anal, calcd for C 11 H 18 FN 3 0-HBr: C ; 42.87;H,6.21 ;N,13.63;Br, 25.93;F ; 6.1 6. Found:C,42.98;H ! 6.26;N,13.54;Br ) 
25.85;F,6.15. 

Example 3 

Synthesis of (2S,4R)-1 -[(2S,3S)-2-amino-3-methylpentanoyl]-2-cyano-4-fluoropyrrolidine hydrochloride 

(1) Synthesis of (2S ! 4R)-2-(aminocarbonyl)-1-(tert-butoxycarbonyl)-4-fluoropyrrolidine 

[0096] According to the manner similar to that of Example 1(1), the title compound (270 mg) was obtained as- a 
colorless gummy substance from (2S,4R)-1 -(tert-butoxycarbonyl)-4-fluoropyrrolidine-2-carboxylic acid (370 mg) ob- 
tained in Reference Example 2. 

MS(ESI pos.)m/z: 255([M+Na] + ), (ESI neg.)m/z: 231 ([M-H]") 

i 

(2) Synthesis of (25,4R)-2-(aminocarbonyl)-1 -[(2S,3S)-2-(fiuorenylmethoxycarbonylamino)-3-methylpentanoyl]- 
4-fluoropyrrolidine 

[0097] In 4M hydrochloric acid - dioxane (3 ml) was suspended (2S,4R)-2-(aminocarbonyl)-1 -(tert-butoxycarbonyl)- 
4-fluoropyrrolidine (260 mg) and, after stirring at room temperature for 2 hours, the reaction solution was concentrated 
under reduced pressure. To the residue was added chloroform (10 ml), followed by further concentration under reduced 
pressure. The procedure was repeated 3 times. The resulting residue, (2S,3S)-2-(fluorenylmethoxycarbonylamino)- 

3- methylpentanoic acid (400 mg) was dissolved in N,N-dimethylformamide (5 mL), and then 1 -hydroxybenzotriazole 
monohydrate (21 0 mg), 1 -(3,3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (260 mg) and diisopropylethyl- 
amine (0.20 mL) were added with ice-cooling. The temperature was gradually raised, and then, the mixture was stirred 
at room temperature overnight. The reaction mixture was taken up in water and extracted with ethyl acetate. The 
organic phase was washed with 0.1 M aqueous hydrochloric acid solution and a saturated aqueous sodium chloride 
solution, successively, dried over anhydrous sodium sulfate and, after removal of the drying agent by filtration, con- 
centrated under reduced pressure. The residue was purified by a silica gel column chromatography (hexane : ethyl 
acetate =1:1-1 :4) to give the title compound (450 mg) as a colorless amorphous substance. 

MS(ESI pos.)m/z: 490([M+Na] + ). 

(3) Synthesis of (2S,4R)-2-cyano-1 -[(2S,3S)-2-(fluorenylmethoxycarbonylamino)-3-methylpentanoyl]- 

4- fluoropyrrolidine 

[0098] According to the manner similar to that of Example 1 (4), the title compound (330 mg) was obtained as a pale 
yellow amorphous substance from (2S,4R)-2-(aminocarbonyl)-1-[(2S,3S)-2-(fluorenylmethoxycarbonylamino)- 
3-methylpentanoyl]-4-fluoropyrrolidine (440 mg). 
MS(ESI pos.)m/z: 472([M+Na] + ). 
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(4) Synthesis of (2S I 4R)-1-[(2S,3S)-2-amino-3-methylpentanoyl]-2-cyano-4-fluoropyrrolidine hydrochloride 

[0099] According to the manner similar to that of Example 1 (5), the title compound (60 mg) was obtained as a colorless 
powder from (2S ; 4R)-2-cyano-1 -[(2S ) 3S)-2-(fluorenylmethoxycarbonylamir\p)-3-methylpentanoyl]-4-fluoropyrrolidine 
5 (320 mg).. 

MS(ESi pos.)m/z: 228([M+H]+), 250([M+Na]+), (ESI neg.)m/z: 262([M+CLf) 
Example 4 

i 

io Synthesis of (2S,4Sj-2-cyano-1 -[2-[(5-nitropyridin-2-yl)amino]ethylamino]acetyl-4-fluoropyrrolidine maleate 

' ' i 

(1) Synthesis of (2S,4S)-2-(aminocarbonyl)-1-bromoacetyl-4-fluoropyrrolidine 

i 

[0100] In tetrahydrofuran (10 ml_) was suspended (2S,4S)-2-aminocarbonyl-4-fluoropyrrolidine hydrochloride (650 
15 mg) obtained in Example 1 (2), and then potassium 2-ethylhexanoate (1 .6 g) was added with ice-cooling, followed by 
stirring for an hour. Bromoacetyl bromide (0.37 ml_) was added with ice-cooling, and stirring was continued with ice- 
cooling for 30 minutes and at room temperature for an hour. To the reaction solution was added chloroform-methanol 
(10:1 , 50 ml_), followed by stirring at room temperature for 15 minutes. The precipitated salt was separated by filtration, 
and the filtrate was concentrated under reduced pressure. The residue was purified by a silica gel column chrornatog- 
20 raphy (developing solvent; chloroform : methanol =40:1 -' 25:1) to give the title compound (570 mg) as a colorless 
amorphous substance. 

MS(ESI pos.)m/z: 275([M+Na]+), 277([M+Na] + ). ' 

(2) Synthesis of (2S,4S)-1 -bromoacetyl-2-cyano-4-fluoropyrrolidine 

25 

[0101] In tetrahydrofuran (6 ml_) was dissolved (2S,4S)-2-(aminocarbonyl)-1-bromoacetyl-4-fluoropyrrolidine (560 
mg), and then trifluoroacetic anhydride (0.62 mL) was added with ice-cooling, followed by stirring with ice-cooling for 
an hour: The reacti6n solution was concentrated under reduced pressure^and the residue was purified by a silica gel 
- column chromatography (developing solvent; chloroform : methanol =50:1,- 30:1) to give the title compound (540 mg) 
"so as a colorless solid. • 
■-. MS(ES^pos0m/z:257([M+Na] + ) ) 259([M+Nar). 

(3) Synthesis of (2S,4S)-2-cyano-1-[2-[(5-nitropyridin-2-yl)amino]ethylamino]acetyl-4-fluoropyrrolidine maleate 

35 [01 02] In tetrahydrofuran (10 mL) was dissolved 2-(2-aminoethylamino)-5-nitropyridine (580 mg), and then a tetrahy- 
drofuran solution (2.5 mL) of (2S J 4S)-1-bromoacetyl-2-cyano-4-fluoropyrrolidine (250 mg) was added with ice-cooling. 
The temperature was gradually raised, and then, the mixture was stirred at room temperature overnight. The solution 
was concentrated under reduced pressure, and the resulting residue was purified by a silica gel column chromatography 
(developing solvent; chloroform : methanol =50:1 - 25:1). The resulting residue was dissolved in ethanol (1 mL), and 

40 then an ethanol solution (1 mL) of maleic acid (52 mg) was added. To the reaction solution was added diethyl ether 
and, after removal of the supernatant, the precipitate was washed with diethyl ether. The residue was dried under 
reduced pressure to give the title compound (160 mg) as a yellow powder. 

MS(ESI pos.)m/z: 337([M+H] + ), 359([M+Na] + ), (ESI neg.)m/z: 335([M-H]"). 

45 Example 5 

Synthesis of (2S,4S)-2-cyano-1 -[2-[(5-cyanopyridin-2-yl)amino]ethylamino]acetyl-4-fluoropyrrolidine maleate 

[0103] Accordingtothemannersimilartothatof Example4(3),thetitlecompound (70 mg) was obtained asacolorless 
so powderfrom 2-(2-aminoethylamino)-5-cyanopyridine (520 mg) and (2S,4S)-1 -bromoacetyl-2-cyano-4-fluoropyrrolidine 
(250 mg). 

MS(ESI pos.)m/z: 317([M+H] + ), 339([M+Na] + ), (ESI neg.)m/z: 315([M-H]-). 
Example 6 

55 

[0104] Synthesis of (2S,4R)-i -[(2S,3S)-2-amino-3-methylpentanoyl]-2-cyano-4-methoxypyrrolidine hydrochloride 
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(1) Synthesis of methyl (2S,4R)-1-(tert-butoxycarbonyl)-4-methoxypyrrolidine-2-carboxylate 

[0105] In N,N-dimethylformamide.(4 ml_) - dichloromethane (1 mL) were dissolved methyl (2S,4R)-1 -(tert-butoxycar- 
bonyl)-4-hydroxypyrrolidine-2-carboxylate (400 mg) and methyl iodide (0.12 mL), and then 65% sodium hydride (oily, 

5 60 mg) was added with ice-cooling. The temperature was gradually raised to room temperature, and then, the mixture 
was stirred overnight. The reaction mixture was taken up in a saturated aqueous sodium bicarbonate solution and 
extracted with ethyl acetate. The organic phase was washed with 5% aqueous sodium thiosulfate solution and a sat- 
urated aqueous sodium chloride solution, successively, dried over anhydrous sodium sulfate and, after removal of the 
drying agent by filtration, concentrated under reduced pressure. The residue was purified by a silica gel columnchro- 

10 matography (developing solvent; hexane : ethyl acetate =8:1 - 4:1) to give the title compound (330 mg) as a colorless 
oily substance. 

MS(ESI pos.)m/z: 282([M+Na]+). 

(2) Synthesis of (2S,4R)-1 -(tert-butoxycarbonyl)-4-methoxypyrrolidine-2-carboxylic acid 

15 

[0106] In acetonitrile (3 mL) was dissolved methyl (2S,4R)-1-(tert-butoxycarbonyl)-4-methoxypyrrolidine-2-carbox- 
ylate (330 mg), 1 M aqueous lithium hydroxide solution (1 .5 mL) was added with ice-cooling, and stirring was continued 
with ice-cooling for 30 minutes and then at room temperature for 2 hours. Further, 1M aqueous lithium hydroxide 
solution (0.8 mL) was added, followed by stirring at room temperature for an hour. The reaction solution was taken up 
20 in a saturated aqueous sodium chloride solution and, after making the solution acidic with 1M aqueous hydrochloric 
acid solution (4 mL), extracted with ethyl acetate. The organic phase was washed with a saturated aqueous sodium 
chloride solution, dried over anhydrous sodium sulfate and, after removal of the drying agent by filtration, concentrated 
under reduced pressure to give the title compound as a colorless gummy substance. This intermediate was used for 
the next reaction without purification. 

25 

(3) Synthesis of (2S,4R)-2-(aminocarbonyl)-1-(tert-butoxycarbonyl)-4-methoxypyrrolidine 

[0107] According to the manner similar to that of Example 1,(1), the title compound (260 mg) was obtained asa 
colorless gummy substance from (2S,4R)-1-(tert-butoxycarbonyl)-4-methoxypyrrolidine-2-carboxylic acid (330 mg). 
30 MS(ESI pos.)m/z: 267([M+Na] + ), (ESI neg.)m/z: 243([M-H] k ). 

(4) Synthesis of (25,4R)-2-(aminocarbonyl)-1 -[(2S,3S)-2-(fluorenylmethoxycarbonylamino)-3-methylpentanoyl> ( 
4-methoxypyrrolidine 

35 [0108] Accordingthemannersimilartothatof Example 3(2), the title compound (400 mg) was obtained as a colorless 
amorphous substance from (2S,4R)-2-(aminocarbonyl)-1 -(tert-butoxycarbonyl)-4-methoxypyrrolidine (250 mg). 
MS(ESI pos.)m/z: 502([M+Na] + ). 

(5) Synthesis of (2S,4R)-2-cyano-1 -[(2S,3S)-2-(fluorenylmethoxycarbonylamino)-3-methylpentanoyl]- 
40 4-methoxypyrrolidine 

[01 09] According to the manner similar to that of Example 1 (4), the title compound (260 mg) was obtained as a pale 
yellow amorphous substance from (2S,4R)-2-(aminocarbonyl)-1-[(2S,3S)-2-(fluorenylmethoxycarbonylamino)- 
3-methylpentanoyl]-4-methoxypyrrolidine (390 mg). 
45 MS(ESI pos.)m/z: 484([M+Na] + ). 

(6) Synthesis of (2S,4R)-1-[(2S,3S)-2-amino-3-methylpentanoyl]-2-cyano-4-methoxypyrrolidine hydrochloride 

[01 1 0] Accordi ng to the manner sim ilar to that of Example 1 (5) , the title compound (70 mg) was obtained as a colorless 
50 powder from (2S,4R)-2-cyano-1-[(2S,3S)-2-(fluorenylmem^ 
ine (250 mg). 

MS(ESI pos.)m/z: 240([M+H] + ), 262([M+Na] + ), (ESI neg.)m/z: 274([M+CL]"). 
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Example 7 

Synthesis of (2S,4S)-1-[(2S,3S)-2-amino-3-methylpentanoyl]-2-cyano-4-m hydrochloride 

(1) Synthesis of methyl (2S,4S)-1-(tert-butoxycarbonyl)-4-methoxypyrrolidine-2-carboxylate 

[0111] According to the manner similar to that of Example 6(1), the title compound (360 mg) was obtained as a 
colorless oily substance from methyl (2S s 4S)-1-(tert-butoxycarbonyl)-4-hydroxypyrrolidjne : 2-carboxylate (400 mg). 
MS(ESI pos.)m/z: 282([M+Na]+). ' . ' 

(2) Synthesis of (2S,4S)-1 -(tert-butoxycarbonyl)-4-methoxypyrrolidine-2-carboxylic acid 

[0112] 'According to the manner similar to that of Example 6(2), the title compound (310 mg) was obtained as a 
colorless solid from methyl (2S,4S)-1-(tert-butoxycarbonyl)-4-methoxypyrrolidine-2-carboxylate (350 mg). This inter- 
mediate was used for the next reaction without purification. 

(3) Synthesis of (2S,4S)-2-(aminocarbonyl)-1-(tert-butoxycarbonyl)-4-methoxypyrrolidine 

[0113] According to the manner similar to that of Example 1(1), the title compound (290 mg) was obtained, as a 
colorless gummy substance from (2S,4S)-1-(tert-butoxycarbonyl)-4-methoxypyrrolidine-2-carboxylic acid (310 mg). 

MS(ESI pos.)m/z: 267([M+Na]+), (ESI neg.)m/z: 243([M-H]~). 

♦ 

(4) Synthesis of (2S,4S)-2-(aminocarbonyl)-1 -^S.SSJ^-tfluorenylmethoxycarbonylaminoJ-S-methylpentanoyl]- 
4-methoxypyrrolidine 

[0114] According to the manner similar to that of Example 3(2), the title compound (450 mg) was obtained as a 
colorless amorphous substance from (2S,4S)-2-(aminocarbonyl)-1-(tert-butoxycarbonyl)-4-methoxypyrrolidine (280 
mg).- - ■ ....... if , , . 

MS(ESI pos.)m/z: 502([M+Na]+). 

(5) Synthesis of (2S,4S)-2-cyano-1 -[(2S,3S)-2-(flu6renylmethoxycarbonylamino)-3-methylpentanoyl]- • 
4-methoxypyrrolidine « 

[0115] According to the manner similar to that of Exampte 1(4), the title compound (330 mg) was obtained as a pale 
yellow amorphous substance from (2S > 4S)-2-(aminocarbonyl)-1-[(2S,3S)-2-(fluorenylmethoxycarbonylamino)- 
3-methylpentanoyl]-4-methoxypyrrolidine (440 mg). 
MS(ESI pos.)m/z: 484([M+Na]+). 

(6) Synthesis of (2S,4S)-1-t(2S l 3S)-2-amino-3-methylpentanoyl]-2-cyano-4-methoxypyrrolidine hydrochloride 

[0116] According to the manner similar to that of Example 1(5), the title compound (150 mg) was obtained as a 
colorless powder from (2S,4S)-2-cyano-1 -[(2S,3S)-2-(fluorenylmethoxycarbonylamino)-3-methylpentanoyl]-4-meth- 
oxypyrrolidine (320 mg). 

MS(ESI pos.)m/z: 240([M+H] + ), 262([M+Na] + ), (ESI neg.)m/z: 274([M+CL]'). 

Example 8 

Synthesis of (2S,4R)-1 -[(2S,3S)-2-amino-3-methylpentanoyl]-2-cyano-4-hydroxypyrrolidine hydrochloride 

(1) Synthesis of methyl (2S,4R)-2-(aminocarbonyl)-1-[(2S ! 3S)-2-(fluorenylmethoxycarbonylamino)- 
3-methylpentanoyl]-4-hydroxypyrrolidine 

[01 1 7] According to the manner similar to that of Example 3(2) , the title compound ( 1 .30 g) was obtained as a colorless 
amorphous substance from (2S,4R)-1-(tert-butoxycarbonyl)-2-(aminocarbonyl)-4-hydroxypyrrolidine (0.96 g). 
MS(ESI pos.)m/z: 488([M+Na] + ). . ... 
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(2) Synthesis of (2S,4R)-2-cyano-1 4(2S,3S)-2-(fluorenylmethoxycarbonylamino)-3-methylpentanoyl]- 
4-hydroxypyrrolidine 

Hi 

[0118] In tetrahydrofuran (30 mL) was dissolved (2S } 4R)-2-(aminocarbonyl)-1-[(2S,3S)-2-(fluorenylmethoxycarbo- 
nylamino)-3-methylpentanoyl]-4-hydroxypyrrolidine (1 .06 g), and then trifiuoroacetic anhydride (0.72 mL) was added 
with ice-cooling. After stirring at the same temperature for an hour, the reaction solution was concentrated under re- 
duced pressure. To the resulting residue was added methanol (10 mL), and concentrated under reduced pressure. 
This procedure was repeated once more, then methanol (1 0 mL) was added, followed by stirring overnight. The reaction 
solution was concentrated under reduced pressure, and the resulting residue was purified by a silica gel column chro- 
matography (developing solvent; hexane : ethyl acetate =1 :3) to give the title compound (0.69 g) as a colorless amor- 
phous substance. 

MS(ESI pos.)m/z: 470([M+Na]+). 

(3) Synthesis of (2S,4R)-1-[(2S } 3S)-2-amino-3-methylpentanoyl]-2-cyano-4-hydroxypyrrolidine hydrochloride 

[0119] According to the manner similarto that of Example 1(5), the title compound (41 mg) was obtained as a colorless 
powder from (2S,4R)-2-cyano-1 -[(2S,3S)-2-(fluorenylmethoxycarbonylamino)-3-methylpentanoyl]-4-hydroxypyrrolid- 
ine (151 mg). 

MS(ESI pos.)m/z: 248([M+Na] + ), (ESI neg.)m/z: 260([M+CL]" ). 
Example 9 

Synthesis of (2S,4S)-1 -[(2S,3S)-2-amino-3-methylpentanoyl]-2-cyano-4"hydroxypyrrolidine hydrochloride 

(1 ) Synthesis of (2S,4S)-4-acetoxy-2-cyano-1 -[(2S,3S)-2-(fluorenylmethoxycarbonylamino)-3-methylpentanoyl] 
pyrrolidine , ' 

[0120] In tetrahydrofuran (5 mL) were dissolved (2S,4R)-2-cyano-1 -[(2S ! 3S) i 2-(fluorenylmethoxycarbonylamino)- 
3-methylpentanoyl]-4-hydroxypyrrolidine (200 mg) obtained in Example 8(2) and triphenylphosphine (258 mg), and 
then acetic acid (0.05 mL) and diethyl azodicarboxylate (40% toluene solution, 0.47 mL) were added with ice-cooling. 
The temperature was raised to room temperature, 'and then, the mixture was stirred overnight. The reaction solution 
was concentrated under reduced pressure, and the resulting residue was purified by a silica gel column chromatography 
(developing solvent; hexane : ethyl acetate =3:2 - 1 :1) to give the title compound (135 mg) as a colorless amorphous 
substance. 

MS(ESI pos.)m/z: 512([M+Na] + ). 

(2) Synthesis of (2S,4S)-1-[(2S J 3S)-2-amino-3-methylpentanoyl]-2-cyano-4-hydroxypyrrolidine hydrochloride 

[0121] In methanol (1 .6 mL) was dissolved (2S,4S)-4-acetoxy-2-cyano-1-[(2S,3S)-2-(fluorenylmethoxycarbonylami- 
no)-3-methylpentanoyl]pyrrolidine (115 mg), and then diethylamine (0.4 mL) was added at room temperature, followed 
by stirring at the same temperature for 9 hours. According to the purification procedure similar to that of Example 1 (5), 
the title compound (28 mg) was obtained as a colorless amorphous substance. 
MS(ESI pos.)m/z: 226([M+H] + ), 248([M+Na] + ), (ESI neg.)m/z: 260([M+CL]"). 

Example 10 

Synthesis of (2S,4S)-1-[(2S,3S)-2-amino-3-methylpentanoyl]-4-chloro-2-cyanopyrrolidine hydrochloride 

(1 ) Synthesis of (2S,4S)-4-chloro-2-cyano-1 -[(2S,3S)-2-(fluorenylmethoxycarbonylamino)-3-methylpentanoyl] 
pyrrolidine 

[0122] In dichloromethane (2 mL) - carbon tetrachloride (2 mL) was dissolved (2S,4R)-2-cyano-1 -[(2S,3S)-2-(fluore- 
nylmethoxycarbonylamino)-3-methylpentanoyl]-4-hydroxypyrrolidine (200 mg) obtained in Example 8 (2), and then 
triphenylphosphine (234 mg) was added, followed by stirring at room temperature overnight. To the reaction solution 
was added ethanol (0.5 mL), followed by stirring at room temperature for 4 hours. The reaction solution was concen- 
trated under reduced pressure, and the resulting residue was purified by a silica gel column chromatography (devel- 
oping solvent; hexane : ethyl acetate =1 :1 - 2:3) to give the title compound (126 mg) as a colorless amorphous sub- 
stance. 
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MS(ESI pos.)m/z: 488([M+Na]+). 

(2) Synthesis of (2S,4S)-1-[(2S,3S)-2-amino-3-methylpentanoyl]-4-chloro-2-cyanopyrrolidine hydrochloride 

[0123] According to the manner similar to that of Example 1 (5), the title compound (32 mg) was obtained as a 
colorless powder from (2S ) 4S)-4-chloro>2-cyano-1-[(2S,3S)-2-(fluorenylmethoxycarbonylamino)-3-methylpentanoyl] 
pyrrolidine (100 mg). 

MS(ESI pos.)m/z: 266([M+I\la] + ). 

Example 11 • 

Synthesis of (2S)-1 -[(2S,3S)-2-amino-3-methylpentanoyl]-2-cyano-4-oxopyrrolidine trifluoroacetate 
i 

(1 ) Synthesis of (2S,4R)-2-(aminocarbonyl)-1 -[(2S,3S)-2-(tert-butoxycarbonylamino)-3-methylpentanoyl]- 
4-hydroxypyrrolidine 

[0124] According to the manner similar to that of Example 3 (2), the title compound (260 mg) was obtained as a 
colorless amorphous substance from (2S,4R)-2-(aminocarbonyl)-1 -(tert-butoxycarbbnyl)-4-hydroxypyrroiidine (276 
mg) obtained in Reference Example 3 and (2S,3S)-2-(tert-butoxycarbonylamino)-3-methylpentanoic acid (290 mg). 
MS(ESI pos.)m/z: 366([M+Na]+), (ESI neg.)m/z: 342 ([M-H]"). 

(2) Synthesis of (2S)-2-(aminocarbonyl)-1 -[(2S,3S)-2-(tert-butoxycarbonylamino)-3-methylpentanoyl]- 
4-oxopyrrolidin'e 

[0125] In dichloromethane (1 0 mL) was dissolved (2S,4R)-2-(aminocarbonyl)-1 -[(2S,3S)-2-(tert-butoxycarbonylami- 
no)-3-methylpentanoyl]-4-hydroxypyrrolidine (250 mg), and then Molecular Sieves-4A (1.5 g), pyridinium chlorochro- 
mate (235 mg) and acetic acid (0.07 mL) were added, followed by stirring at room temperature for 2 hours. The reaction 
solution was directly .purified by a silica gel column chromatography (developing solvent; hexane : ethyl acetate =.1i1 
- 1 :3) to give the title compound (1 80 mg) as a brown amorphous substanpe. 

MS(ESI pos.)m/z: 364([M+Na] + ), (ESI neg.)m/z: 340([M-H]"). • ' 

(^•Synthesis^f (2S)-1-[(2S,3S)-2-(tert-butoxycarbonylamino)-3-methylpentanoyl]-2-cyano-4-oxopyrrolidine 

[0126] In tetrahydrofuran (10 mL) was dissolved (2S)-2-(aminocarbonyl)-1-[(2S ) 3S)-2-(tert"butoxycarbonylamino)- 
3-methylpentanoyl]-4-oxopyrrolidine (168 mg) and, after ice-cooling, trifluoroacetic anhydride (0.21 mL) and diisopro- 
pylethylamine (0.51 mL) were added, followed by stirring with ice-cooling for an hour. The reaction solution was diluted 
with ethyl acetate (100 mL), and washed with water, 10% aqueous potassium bisulfate solution, water, a saturated 
aqueous sodium bicarbonate solution and a saturated aqueous sodium chloride solution, successively, and the organic 
phase was dried over anhydrous magnesium sulfate. After removal of the drying agent by filtration, the solvent was 
evaporated under reduced pressure to give the title compound (1 74 mg) as a brown amorphous substance. 
MS(ESI pos.)m/z: 346([M+Na] + ), (ESI neg.)m/z: 322([M-H]'). 

(4) Synthesis of (2S)-1-[(2S,3S)-2-amino-3-methylpentanoyl]-2-cyano-4-oxopyrrolidine trifluoroacetate 

[0127] In ice-cooled trifluoroacetic acid (0.5 mL) was dissolved (2S)-1-[(2S,3S)-2-(tert-butoxycarbonylamino)- 
3-methylpentanoyl]-2-cyano-4-oxopyrrolidine (91 mg) and, after stirring at room temperature for 20 minutes, the solvent 
was evaporated under reduced pressure. To the residue was added diisopropyl ether (10 mL), and the supernatant 
was removed. To the residue was again added diisopropyl ether (10 mL), and an insoluble substance was collected 
by filtration to give the title compound (76 mg) as a brown solid. 
MS(ESI pos.)m/z: 246([M+Na] + ). 

Example 12 

Synthesis of (2S,3S)-1-[(2S,3S)-2-amino-3-methylpentanoyl]-2-cyano-3-hydroxypyrrolidine 
(1) Synthesis of (2S l 3S)-2-(aminocarbonyl)-1-(tert-butoxycarbonyl)-3-hydroxypyrrolidine 

[0128] According to the manner similar to that of Reference Example 3, the title compound (3.19 g) was obtained 
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as a colorless solid from (2S,3S)-1 -(tert-butoxycarbonyl)-3-hydroxypyrrolidine-2-carboxylic acid (3.47 g). 
MS(ESI pos.)m/z: 253([M+Na] !f ) 1 (ESI neg.)m/z: 229([M-H]"). 

(2) Synthesis of (2S,3S)-2^(aminocarbonyl)-3-hydroxypyrrolidine hydrochloride 

[0129] According to the manner similar 'to that of Example 1(2), the title compound was obtained from (2S,3S)- 

2- (aminocarbonyl)-1-(tert-butoxycarbonyl)>3-hydroxypyrrolidine (1.11 g). This intermediate was used for the next re- 
action without purification. 

(3) Synthesis of (2S,3S)-2-(aminocarbonyl)-1 -[(2S J 3S)-2-(fluorenylmethoxycarbonylamino)-3-methylpentanoyl]- 

3- hydroxypyrrolidine 

[0130] In dichloromethane (20 ml_) was suspended (2S,3S)-2-(fluorenylmethoxycarbonylamino)-3-methylpentanoic 
acid (1 .87 g), and then thionyl chloride (3.81 mL) was added, followed by reflux with heating for 20 minutes. The solvent 
was evaporated under reduced pressure, toluene (20 mL) was added to the residue, and the solvent was evaporated 
under reduced pressure. This procedure was repeated once more to give the crude product of the acid chloride. In N, 
N-dimethylformamide (20 mL) was dissolved (2S,3S)-2-(aminocarbonyl)-3-hydroxypyrroiidine hydrochloride obtained 
in the above (2), and diisopropylethylamine (1 .00 mL) was added, followed by ice-cooling. To this solution was added 
dropwise a N, N-dimethylformamide solution (10 mL) of the previously resulting acid chloride, followed by stirring with 
ice-cooling for 20 minutes. The reaction solution was diluted with ethyl acetate (100 mL) and washed with a saturated 
aqueous sodium chloride solution, a saturated aqueous sodium bicarbonate solution and a saturated aqueous sodium 
chloride solution, successively, and the organic phase was dried over anhydrous magnesium sulfate. After removal of 
the drying agent by filtration, the solvent was evaporated under reduced pressure, and the resulting residue was purified 
by a silica gel column chromatography (developing solvent; chloroform : methanol =100:2 - 100:5) to give the title 
compound (1 .08 g) as a colorless amorphous substance. 
MS(ESI pos.)m/z: 488([M+Na] + ). 

(4) Synthesis of (2S,3S)-2-cyano-1 -[(2S,3S)-2-(fluorenylmethoxycarbonylamino)-3-methylpentanoyl]- > 
3-hydroxypyrrolidine 

[0131] According to the manner similar to that of Example 8(2), the title compound (795 mg) was obtained as a 
colorless amorphous substance from (2S,3S)-2-(aminbcarbonyl)-1-[(2S,3S)-2-(fluorenylmethoxycarbonylamin ( o)- 
3-methylpentanoyl]-3-hydroxypyrrolidine (920 mg). 
MS(ESI pos.)m/z: 470([M+Na]+). 

(5) Synthesis of (2S,3S)-1 -[(2S,3S)-2-amino-3-methylpentanoyl]-2-cyano-3-hydroxypyrrolidine 

[0132] In methanol (1 .8 mL) was dissolved (2S,3S)-2-cyano-1 -[(2S,3S)-2-(fluorenylmethoxycarbonylamino)-3-meth- 
ylpentanoyl]-3-hydroxypyrrolidine (415 mg), and then diethylamine (0.4 mL) was added, followed by stirring at room 
temperature for 4 hours. The solution was concentrated under reduced pressure, and the residue was purified by a 
silica gel column chromatography (developing solvent; chloroform : methanol : 25% aqueous ammonia solution =40: 
1 :0.1 - 25:1 :0.1) to give the title compound (185 mg) as a colorless oily substance. 
MS(ESI pos.)m/z: 248([M+Na] + ). 

Example 13 

Synthesis of (2S,3R)-1 -[(2S,3S)-2-amino-3-methylpentanoyl]-2-cyano-3-fluoropyrrolidine trifluoroacetate 

(1 ) Synthesis of (2S,3S)-1 -[(2S,3S)-2-(tert-butoxycarbonylamino)-3-methylpentanoyl]-2-cyano-3-hydroxypyrrolidine 

[01 33] In dichloromethane (5 mL) was dissolved (2S,3S)-1 -[(2S,3S)-2-amino-3-methylpentanoyl]-2-cyano-3-hydrox- 
ypyrrolidine (170 mg) obtained in Example 12 (5), and then di-tert-butyl dicarboxylate (198 mg) and diisopropylethyl- 
amine (0.158 mL) were added with ice-cooling, followed by allowing to stand at 5°C for 2 days. The solution was 
concentrated under reduced pressure, and the residue was purified by a silica gel column chromatography (developing 
solvent; hexane : ethyl acetate =1:1) to give the title compound (173 mg) as a colorless amorphous substance. 
MS(ESI pos.)m/z: 348([M+Na]+), (ESI neg.)m/z: 324([M-H]'). 
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(2) Synthesis of (2S,3R)-1-[(2S f 3S)-2-(tert-butoxycarbonylamino)-3-m^ 

[01 34] According to the manner similar to that of Example 54, the title compound (65 mg) was obtained as a colorless 
amorphous substance from (2S,3S)-1 -[(2S ! 3S)-2-(tert-butoxycarbonylamiin9)-3-methylpentanoyl]-2-cyano-3-hydrox- 
ypyrrolidine (168 mg). 

MS(ESI pos.)m/z. 350([M+Na] + ). 

(3) Synthesis of (2S,3R)-1-[(2S,3S)-2-amino-3-methylpentanoyl]-2-cyano-3-fluoropyrrolidine trifluoro acetate 

t > 
i 

[01 35] According t^> the manner similar to that of Example 1 1 (4), the title compound (32 mg) was obtained as a yellow 
powder from (2S,3R)-1 -[(2S,3S)-2-(tert-butoxycarbbnylamino)-3-methylpentanoyl]-2-cyano-3-fluoropyrrolidine (62 
mg). 

, M3(ESI pos.)m/z: 250([M+Na] + ). 
Example 14 

Synthesis of (2S)-1 -[(2S,3S)-2-amino-3-methylpentanoyl]-2-cyano-4 J 4-difluoropyrrolidine hydrochloride 

(1) Synthesis of (2S)-2-(aminocarbonyl)-1 -(tert-butoxycarbonyl)-4 : 4-difluoropyrrolidine » 

[013(S] According to the manner similar to that of Example 1 (1), the title compound (2.8 g) was obtained as a colorless 
powder from (2S)-1-(tert-butoxycarbonyi)-4 J 4 i difluoropyrrolidine-2-carboxylic acid (3.2 g). 
MS(£SI p'os.)m/z: 273([M+Na]+), (ESI neg.)m/z: 249([M-H]-). 

(2) Synthesis of (2S)-2-(aminocarbonyl)-4 : 4-difluoropyrrolidine hydrochloride 

i 

[01 37] According to the manner similar to that of Example 1 (2) . the title compound (3.9 g) was obtained as a colorless 
powder from (2S)-2 : (aminocarbonyl)-1-(tert-butoxycarbonyl)-4 ) 4-difluoropyrrolidine (5.4 g). . » • 

(ESI neg.)m/z: 149([M-H]*), 1 85([M+CL] _ ). 

(3) Synthesis of (2S)>2-(aminocarbonyl)-1 >[(2S ) 3S)-2-(tert-butoxycarbonylamino)-3-methylpentanoyl]- 
4,4 t difluoropytYolidine 1 

[0138] According to the manner similar to that of Example 1 (3), the title compound (1 .0 g) was obtained as a colorless 
amorphous substance from (2S)-2-(aminocarbonyl)-4,4-difluoropyrrolidine hydrochloride (0.56 g) and (2S,3S)-2-(tert- 
butoxycarbonylamino)-3-methylpentanoic acid (0.70 g). 

MS(ESI pos.)m/z: 386([M+Na] + ), (ESI neg.)m/z: 362([M-H]-). 

(4) Synthesis of (2S)-1-[(2S ) 3S)-2-(tert-butoxycaroonyiamino)-3-methylpentanoyl]-2-cyano-4,4-difluoropyrrolidine 

[0139] In N,N-dimethylformamide (2.5 mL) was dissolved (2S)-2-(aminocarbonyl)-1-[(2S l 3S)-2-(tert-butoxycarbo- 
nylamino)-3-methylpentanoyl]-4,4-difluoropyrrolidine (0.90 g), and then cyanuric chloride (0.28 g) was added, followed 
by stirring at room temperature for an hour. The reaction solution was taken up in water, and extracted with ethyl 
acetate. The organic phase was washed with a saturated aqueous sodium bicarbonate solution and a saturated aque- 
ous sodium chloride solution, successively, and dried over anhydrous sodium sulfate. The drying agent was removed 
by filtration, and the filtrate was concentrated under reduced pressure. The residue was purified by a silica gel column 
chromatography (developing solvent; hexane : ethyl acetate =20:1 - 4:1) to give the title compound (0.76 g) as a color- 
less amorphous substance. 

MS(ESI pos.)m/z: 368([M+Na]+), (ESI neg.)m/z: 344([M-H]"). 

(5) Synthesis of (2S)-1-[(2S ) 3S)-2-amino-3-methylpentanoyl]-2-cyano-4,4-difluoropyrrolidine hydrochloride 

[0140] To (2S)-1 -[(2S,3S)-2-(tert-butoxycarbonylamino)-3-methylpentanoyl]-2-cyano-4,4-difluoropyrrolidine (0.56 g) 
was added 2M aqueous hydrochloric acid solution (12 mL). followed by stirring at room temperature overnight. To the 
solution was added an additional 2M aqueous hydrochloric acid solution (6 mL) and, after stirring at room temperature 
overnight, the aqueous solution was washed with ethyl acetate. To the aqueous phase were added 1 M aqueous sodium 
hydroxide solution (35 mL) and an excess amount of sodium chloride and, after stirring, the mixture was taken up in 
a saturated aqueous sodium bicarbonate solution and extracted with ethyl acetate. The organic phase was washed 
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with a saturated aqueous sodium chloride solution and dried over anhydrous sodium sulfate. After removal of the drying 
agent by filtration, the filtrate was concentrated under reduced pressure to give (2S)-1 -[(2S,3S)-2ramino-3-methylpen- 
tanoyl]-2-cyano-4,4-difluoropyn*olidine } which was then dissolved in diethyl ether (20 mL), followed by addition of 4M 
hydrochloric acid (ethyl acetate solution, 0.50 mL) with ice-cooling. The precipitated insoluble substance was collected 
5 by filtration to give the title compound (0.37 g) as a colorless powder. 

MS(ESI pos.jm/z: 246([M+H]+), 268([M+Na]+), (ESI neg.)m/z: 244([M-HR 280([M+CL]-). 

Example 15 

10 Synthesis of (2S,4S)-1 -[(2S)-2-amino-3-methylbutanoyl]-2-cyano-4-fluoropyrrolidine hydrochloride 

(1 ) Synthesis of (2S,4S)-2-(aminocarbonyl)-1 -[(2S)-2-(tert-butoxycarbonylamino)-3-methylbutanoyl]- 
4-fluoropyrroiidine 

15 [0141] According tothe manner similar to that of Example 1 (3), the title compound (4.22g) was obtained asacolorless 
amorphous substance from (2S,4S)-2-(aminocarbonyl)-4-fluoropyrrolidine hydrochloride (2.33 g) and (2S)-2-(tert-bu- 
toxycarbonylamino)-3-methylbutanoic acid (3.00 g). 

MS(ESI pos.)m/z: 354([M+Na]+), (ESI neg.)m/z: 330([M-H]-). 

20 (2) Synthesis of (2S,4S)-1 -[(2S)-2-(tert-butoxycarbonylamino)-3-methylbutanoyl]-2-cyano-4-fluoropyrrolidine 

[0142] In N,N-dimethylformamide (16 mL) was dissolved (2S,4S)-2-(aminocarbonyl)-1-[(2S)-2-(tert-butoxycarbo- 
nylamino)-3-methylbutanoyl]-4-fluoropyrrolidine (4.03 g), and cyanuric chloride (1 .35 g) was added, followed by stirring 
at room temperature for an hour. The reaction solution was taken up in water and extracted with ethyl acetate. The 
25 organic phase was washed with a saturated aqueous sodium chloride solution and dried over anhydrous sodium sulfate. 
After removal of the drying agent by filtration, the filtrate was concentrated under reduced pressure to give the title 
compound (3.49 g) as a colorless solid. 

MS(ESI pos.)m/z: 336([M+Na] + ), (ESI neg.)m/z: 312([M-h]"). j ■•- • 

so (3) Synthesis of (2S,4S)-1 -[(2S)-2-amino-3-methylbutanoyl]-2-cyano-4-fluoropyrroiidine hydrochloride 
t 1 
[0143] In methanol (11 mL) was dissolved (2S,4S)-1 -[(2S)-2-(tert-butoxycarbonylamino)-3-methylbutanoyl]-2-cyano- 
4-fluoropyrrolidine (1.70 g) and, after ice-cooling, 4M aqueous hydrochloric acid solution (11 mL) was added. The 
temperature was raised to a room temperature, and then, the mixture was stirred overnight. The methanol was con- 

35 centrated under reduced pressure, and the resulting aqueous solution was washed with ethyl acetate. To the aqueous 
phase were added 4M aqueous sodium hydroxide solution (12 mL) and sodium chloride and, after extraction with ethyl 
acetate, the organic phase was washed with a saturated aqueous sodium chloride solution. The resulting organic 
phase was dried over anhydrous sodium sulfate, the drying agent was, removed by filtration, and the filtrate was con- 
centrated under reduced pressure to give (2S,4S)-1-[(2S)-2-amino-3-methylbutanoyl]-2-cyano-4-fluoropyrrolidine 

40 (0.80 g) as a colorless solid, an aliquot (0.60 g) of which was then dissolved in methanol, and added to a diisopropyl 
ether solution (22 mL) of 4M hydrochloric acid (ethyl acetate solution, 0.77 mL) with ice-cooling. The solution was 
stirred at room temperature for an hour, and the precipitated insoluble substance was collected by filtration to give the 
title compound (0.75 g) as a colorless powder. 

MS(ESI pos.)m/z: 214([M+H] + ), 236([M+Na] + ), (ESI neg.)m/z: 248([M+CL]-). 

45 1 H-NMR(DMSO-d 6 ,500lvlHz)58.57(3H,br s),5.55(1 H,br d,J=51 .8Hz),5.06(1H l d > J=9.2Hz) ) 4.08-3.90(2H > m),3.83 

(1H,d,J=7.3Hz),2.55-2.34(2H,m),2^ 

Example 16 

50 Synthesis of (2S,4S)-1 -[(2S,3R)-2-amino-3-methoxybutanoyl]-2-cyano-4-fluoropyrrolidine hydrochloride 

(1) Synthesis of (2S,4S)-2-(aminocarbonyl)-1-[(2S,3R)-2-(tert-butoxycarbonylamino)-3-methoxybutanoyl)- 
4-fluoropyrrolidine 

55 [0144] According to the manner similar to that of Example 1 (3) , the title compound (2.28 g) was obtained as a colorless 
amorphous substance from (2S,4S)-2-(aminocarbonyl)-4-fluoropyrrolidine hydrochloride (1.18 g) and (2S,3R)-2-(tert- 
butoxycarbonylamino)-3-methoxybutanoic acid (1 .63 g). 

MS(ESI pos.)m/z: 370([M+Na] + ), (ESI neg.)m/z: 346([M-H]"). 
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(2) Synthesis of (2S,4S)-1 -[(2S,3R)-2-(tert-butoxycail3onylam^ 

[0145] According to the manner similar to that of Example 15(2), the title compound (1.96 g) was obtained as a 
colorless solid from (2S J 4S)-2-(aminocarbonyl)-1 -[(2S,3R)-2-(tert-butoxycartponylamino)-3-methoxybutanoyl]-4-fluor- 
opyrrolidine (2.17 g). 

MS(ESI pos.)m/z: 352([M+Na]+) f (ESI neg.)m/z: 328([M-H]"). 

(3) Synthesis of (2S,4S)-1-[(2S J 3R)-2-amino-3-methoxybutanoyl]-2-cyano-4-fluoropyrrolidine hydrochloride 

i « 

i 

[0146] According t|b the manner similar to that of Example 15(3), the title compound (0.61 g) was obtained as a 
colorless powder from (2S,4S)-1 -[(2S,3R)-2-(tert-butbxycailDonylamino) , -3-methoxybutanoyl]-2-cya 
dine (1.82 g). ' 1 
M3(ESI pos.)rh/z: 230([M+H] + ), 252[M+Na]+), (ESI neg.)m/z: 264[M+CL]"). 

Example 17 

Synthesis of (2S,4S)-1 -[(2S)-2-amino-3,3-dimethylbutanoyl]-2-cyano-4-f luoropyrrolidine hydrochloride 

(1 ) Synthesis of (2S J 4S)-2-(aminocarbonyl)-1 -[(2S)-2-(tert-butoxycarbonylamino)-3,3-dimethylbutanoyl]-' ♦ 
4-fluoropyrrolidine 

[0147] According to the mannersimilarto thdt of Example 1 (3), thetitle compound (4.1 4 g) was obtained as acolorless 
amorphous substance from (2S,4S)-2-(aminocarbonyl)-4-fluoropyrrolidine hydrochloride (2.00 g) and (2S)-2-(tert-bu- 
toxycarbonylamino)-3,3-dimethylbutanoic acid (2.74 g). 

MS(ESI pos.)m/z: 368([M+Na] + ), (ESI neg.)m/z: 344 ([M-H]')- 

i 

(2) Synthesis of (2S,4S)-1 -[(2S)-2-(tert-butoxycarbonylamino)-3,3-dimethylbutanoyl]-2-cyano-4-f luoropyrrolidine 

[0148] According to the manner similar to that of Example 15(2), the title compound (2.90 g) was obtained as a 
colorless solid from (2S,4S)-2-(aminocarbonyl)-1 -[(2S)-2-(tert-butoxycarbonylamino)-3,3-dimethylbutanoyl]-4-fluoro- 
pyrrolidine (4.10 g); 

• MS(ESlV>s.)m/z: 350([M+Na] + ), (ESI neg.)m/z: 326([M-H]"). 

(3) Synthesis of (2S,4S)-1-[(2S)-2-amino-3 ( 3-dimethylbutanoyl]-2-cyano-4-fluoropyrrolidine hydrochloride 

[0149] According to the manner similar to that of Example 15(3), (2S,4S)-1-[(2S)-2-amino-3,3-dimethylbutanoyl]- 
2-cyano-4-fluoropyrrolidine (2.25 g) was obtained from (2S,4S)-1-[(2S)-2-(tert-butoxycarbonylamino)-3,3-dimethylbu- 
tanoyl]-2-cyano-4-f luoropyrrolidine (3.71 g). From an aliquot (0.80 g) of the resulting product was then obtained the 
title compound (0.92 g). 

MS(ESI pos.)m/z: 250([M+Na] + ), (ESI neg.)m/z: 262([M+CL]- ). 
1 H-NMR(DMSO-d 6) 500MHz)88.54(3H,br s),5.55(1H,br d,J=51.5Hz), 5.07(1 H f d,J=9.8Hz),4.-15-3.93(2H l m) I 3.79(1H t 
s),2.55-2.32(2H, m),1 .05(9H,s). 

Example 1 8 

Synthesis of (2S ) 4S)-1-[(2S)-2-amino-3 ) 3-dimethylbutanoyl]^2-cyano-4-fluoropyrrolidine hydrobromide monohydrate 

[0150] In methanol (6 mL) was dissolved (2S ; 4S)-1-[(2S)-2-amino-3 ! 3-dimethylbutanoyl]-2-cyano-4-fluoropyrrolidine 
(0.25 g) obtained in Example 17, and then added to an ice-cooled mixture of 48% hydrobromic acid (0.14 mL) and 
diisopropyl ether (9 mL). Further, diisopropyl ether (5 mL) was added, followed by stirring. The precipitated crystals 
were collected by filtration, and the resulting crystals were dissolved in methanol (1.5 mL), added to an ice-cooled 
isopropyl acetate (17 mL) and stirred. The precipitated crystals were collected by filtration to give the title compound 
(0.20 g) as a colorless powder. 

Anal.calcd. for C 11 H 18 FN 3 O.HBnH 2 O:C J 40.50;H,6.49;N l 12.88;B r,24.49;F,5.82. Found:C,40.57;H,6.44;N,13.02;Br ( 
24.52;F,5.8 3. 
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Example 19 

Synthesis (2S,4S)-1-[(2S,3R)-2^amino-3-methylpentanoyl]-2-cyano-4-fluoropyrrolidine hydrochloride 

(1 ) Synthesis of (2S,4S)-2-(aminocarbonyi)-1 -[(2S,3R)-2-(tert-butoxycarbonylamino)-3-methylpentanoyl]- 
4-fluoropyrrolidine 

[0151] Accordingtothemannersimilartothat of Example 1 (3), thetitlecompound (1 .30 g) was obtained as acolorless 
amorphous substance from (2S 1 4S)-2-(aminocarbonyl)-4-fluoropyrro!idine hydrochloride (0.67 g) and (2S,3R)-2*(tert- 
butoxycarbonylamino)-3-methylpentanoic acid hemihydrate (0.96 g). 
MS(ESI pos.)m/z: 368([M+Na]+), (ESI neg.)m/z: 344([M-H)-). 

(2) Synthesis of (2S,4S)-1 -[(2S ) 3R)-2-(tert-butoxycarbonylamino)-3-methylpentanoyl]-2-cyano-4-fluoropyrrolidine 

[0152] According to the manner similar to that of Example 15(2), the title compound (1.15 g) was obtained as a 
colorless amorphous substance from (2S ! 4S)-2-(aminocarbonyl)-1-[(2S ! 3R)-2-(tert-butoxycarbonylamino)-3-methyl- 
pentanoyl]-4-fluoropyrrolidine (1,23 g). 

MS(ESi pos.)m/z: 350([M+Na]+), (ESI neg.)m/z: 326([M-H]-). 

(3) Synthesis of (2S,4S)-1 -[(2S,3R)-2-amino-3-methylpentanoyl]-2-cyano-4-fluoropyrrolidine hydrochloride 

[0153] According to the manner similar to that of Example 15.(3), the trtle compound (0.29 g) was obtained from (2S, 
4S)-1 -[(2S,3R)-2-(tert-butoxycarbonylamino)-3-methylpentanoyl]-2-cyano-4-fluoropyrrolidine (1 .08 g). 
MS(ESI pos.)m/z: 228([M+H]+), 250([M+Na]+), (ESI neg.)m/z: 262([M+CL]-), 

Example 20 

Synthesis of (2S,4S)-1-[(2S,3S)-2-amino-3-methylpentanoyl]-2-cyano.-4-fluoropyrrojidine hydrochloride i 

(1 ) Synthesis of (2S,4S)-2-(aminocarbonyl)-1 -[(2S } 3S)-2-(tert-butoxycarbonylamino)-3-methylpentanoyl]- 
4-fluoropyrrolidine 1 

_ ' 1 

[0154] According to the mannersimilarto that of Example 1 (3), thetitlecompound (0.99 g) was obtained as a colorless 

amorphous substance from (2S,4S)-2-(aminocarbonyl)-4-fluoropyrrolidine hydrochloride (0.51 g) and (2S,3S)-2-(tert- 

butoxycarbonylamino)-3-methylpentanoic acid (0.69 g). 

MS(ESI pos.)m/z: 368([M+Na]+), (ESI neg.)m/z: 344([M-H]-). 

(2) Synthesis of (2S,4S)-1 -[(2S,3S)-2-(tert-butoxycarbonylamino)-3-methylpentanoyl]-2-cyano-4-fluoropyrrolidine 

[0155] According to the manner similar to that of Example 15(2), the title compound (0.83 g) was obtained as a 
colorless amorphous substance from (2S ! 4S)-2-(aminocarbonyl)-1-[(2S > 3S)-2-(tert-butoxycarbonylamino)-3-methyl- 
pentanoyl]-4-fluoropyrrolidine (0.84 g). 

MS(ESI pos.)m/z: 350([M+Na] + ), (ESI neg.)m/z: 326([M-H]-). 

(3) Synthesis of (2S,4S)-1-[(2S,3S)-2-amino-3-methylpentanoyl)-2-cyano-4-fluoropyrrolidine hydrochloride 

[0156] According to the manner similar to that of Example 15(3), the title compound (0.14 g), which was identical 
with the compound obtained in Example 1, was obtained from (2S,4S)-1-[(2S,3S)-2-(tert-butoxycarbonylamino)- 
3-methylpentanoyl]-2-cyano-4-fluoropyrrolidine (0.35 g). 

Example 21 

[0157] Synthesis of (2S,4S)-1-(tert-butylamino)acetyl-2-cyano-4-fluoropyrrolidine hydrochloride 
[0158] In tetrahydrofuran (10 mL) was dissolved tert-butylamine (0.47 g), and a tetrahydrofuran solution (3 mL) of 
(2S,4S)-1-bromoacetyl-2-cyano-4-fluoropyrrolidine (0.30 g) was added with ice-cooling. The temperature was gradu- 
ally raised and, after stirring at room temperature overnight, the solution was concentrated under reduced pressure. 
To the resulting residue was added a saturated aqueous sodium bicarbonate solution, followed by extraction with 
chloroform. The organic phase was washed with a saturated aqueous sodium chloride solution and dried over anhy- 
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drous sodium sulfate and, after removal of the drying agent by filtration, the filtrate was concentrated under reduced 
pressure. The resulting residue was suspended in diethyl ether, and an insoluble substance was collected by filtration 
to give (2S,4S)-1 -(tert-butylamino)acetyl-2-cyano-4-fluoropyrrolidine (0.26 g) as a colorless powder, an aliquot (0.25 
g) of which was then added to an ice-cooled diethyl ether solution of 4M hydrochloric acid (ethyl acetate solution, 0.3 
mL) ; followed by stirring at room temperature for an hour. An insoluble substance was collected by filtration to give the 
title compound (0.28 g) as a colorless powder. 

MS(ESI pos.)m/z: 228([M+H] + ), 250([M+Na] + ), (ESI neg.)m/z: 226([M-H]"), 262([M+CL]"). 
1 H-NMR(DMSO-d 6 ,500MHz)59.1 0(2H,br s),5.56(1 H,br d,J=52.9Hz) ; 5.09-5.06(1 H,m),4.1 6(1 H,dd,J=24.4,12.5Hz), 
4.12(1 H,d,J=16.'5Hz),3.88(1H,d.J=16.5Hz) ! 3.86(1H ! ddc(,J=39.9, 12. 5 ! 3.3Hz) > 2.54-2.40(2H ) m),1 .33(9H,s). 
I • ' 

' i » • 

Example 22 ' ( 

Synthesis of (2S,4S)-2-cyano-4-fluoro-1-(isopropylamino)acetylpyrrolidine hydrochloride 

[01 59] According to the manner similar to that of Example 21 , the title compound (0.1 6 g) was obtained as a colorless 
powder from isopropylamine (0.65 g) and (2S,4S)-1 -bromoacetyl-2-cyano-4-fluoropyrrolidine (0.50 g). 
MS(ESI pos.)m/z: 214([M+H] + ), 236([M+Na] + ), (ESI neg.)m/z: 212([M-H]"), 248([M+CL]"). 

Example 23 ♦ 

Synthesis of (2S,4S)-2-cyano-1 -(cyclopropylamino)acetyl-4-fluoropyrrolidine hydrochloride 

i 

[01 60] According to the manner similar to that of Example'21 , the title compound (0.28 g) was obtained as a colorless 
powder from cyclopropylamine (0.86 g) and (2S,4S)-1 -bromoacetyl-2-cyano-4-fluoropyrrolidine (0.71 g). 
MS(ESI pos.)m/z: 212([M+H] + ), 234([M+Na] + ), (ESI neg.)m/z: 246([M+CL]"). 

i 

Example 24 

Synthesis of (2S J 4S)-2-cyano-1-(cyclobutylamino)acetyl-4-fluoropyrro,lidine hydrochloride 

[01 61 ] According to the manner similar to that of Example 21 , the title compound (0.31 g) was obtained as a colorless 
powder from cyclobutylamine (1 .07 g) and (2S,4S)-1-bromoacetyl-2-cyano-4-fluoropyrrolidine (0.71 pp. 
MS(ESI pos.)m/z: 226([M+H) + ), 248([M+Na] + ), (ESI neg.)m/z: 260([M+CL]'). 

Example 25 

Synthesis of (2S,4S)-2-cyano-1 -(cyclopentylamino)acetyl-4-fluoropyrrolidine hydrochloride 

[01 62] According to the manner similar to that of Example 21 , the title compound (0.58 g) was obtained as a colorless 
powder from cyclopentylamine (1.28 g) and (2S,4S)-1-bromoacetyl-2-cyano-4-fluoropyrrolidine (0.71 g). 
MS(ESI pos.)m/z: 240([M+H] + ), 262([M+Na] + ), (ESI neg.)m/z: 274([M+CL]-). 

Example 26 

Synthesis of (2S,4S)-2-cyano-4-fluoro-1-[(1-hydroxymethyl)cyclopentylamino)acetylpyrrolidine hydrochloride 

[01 63] According to the manner similar to that of Example 21 , the title compound (0.51 g) was obtained as a colorless 
powder from (l-hydroxymethyl)cyclopentylamine (0.59 g) and (2S,4S)-1-bromoacetyl-2-cyano-4-fluoropyrrolidine 
(0.60 g). 

MS(ESI pos.)m/z: 292([M+Na]+), (ESI neg.)m/z: 268([M-H]-), 304([M+CL]-). 
iH-NMR(DMSO-d 6 ,500MHz)68.99(2H J br s),5.68(1H,br s),5.55(1H,b r d,J=52.4Hz),5.08-5.05(1 H,m),4.1 7(1 H,br d, 
J=1 6.5Hz),4.09(1 H,dd,J=23.1 ,1 2.2Hz) f 3.98(1 H.br d,J=1 6.5Hz),3.82(1 H ,ddd,J=39 .3,1 2.2,3.1 Hz),3.51 &3.48(2H,ABq, 
J=12.5Hz),2.56-2.36(2H,m),1 .86-1 .68(6H,m),1 .59-1 .48(2H,m). 

Example 27 

[0164] Synthesis of (2S > 4S)-2-cyano-4-fluoro-1-(3-isopropoxypropylamino)acetylpyrrolidine hydrochloride 

[0165] In tetrahydrofuran (1 5 mL) was dissolved 3-isopropoxypropylamine (1.1 g), and then a tetrahydrofuran solution 
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(5 mL) of (2S,4S)-1-bromoacetyl-2-cyano-4-fluoropyrrolidine (0.45 g) was added with ice-cooling. The temperature 
was gradually raised, and then, the mixture was stirred at room temperature overnight. The solution was concentrated 
under reduced pressure and dissolved in chloroform, and the organic phase was washed with a saturated aqueous 
sodium bicarbonate solution and a saturated aqueous sodium chloride solution, successively, and dried over anhydrous 
sodium sulfate. The drying agent was removed by filtration, and the filtrate was concentrated under reduced pressure. 
The residue was purified by a silica gel column chromatography (developing solvent; chloroform : methanol =50:1 - 
25:1 ). The resulting residue was dissolved in diethyl ether (5 mL), and added to a diethyl ether solution (40 mL) of 4M 
hydrochloric acid (ethyl acetate solution, 0.33 mL) with ice-cooling. The precipitated insoluble substance was collected 
by filtration, and washed with diethyl ether to give the title compound (0.32 g) as a colorless powder. 
MS(ESI pos.)m/z: 272([M+H] + ), 294([M+Na] + ), (ESI neg.)m/z: 270([M-H]*), 306([M+CL]"), 

Example 28 

Synthesis of (2S,4S)-2-cyano-1 -(cyclooctylamino)acetyl-4-fluoropyrrolidine hydrochloride 

[0166] According to the manner similar to that of Example 27, the title compound (0.29 g) was obtained as a colorless 
powder from cyclooctylamine (1,1 g) and (2S,4S)-1 -bromoacetyl-2-cyano-4-fiuoropyrrolidine (0.45 g). 
MS(ESI pos.)m/z: 2B2([M+H]+), 304([M+Na]+), (ESI neg.)m/z: 280([M-H]-), 316([M+CL]~). 

Example 29 

Synthesis of (25,4S)-2-cyano-1 -[2-(3,4-dimethoxyphenyl)ethylamino]acetyl-4-fluoropyrrolidine hydrochloride 

[0167] According to the manner similar to that of Example 27, the title compound (0.24 g) was obtained as a colorless 
powder from 2-(3,4-dimethoxyphenyl)ethylamine (0.5 g) and (2S.4S)-1 -bromoacetyl-2-cyano-4-fluoropyrrolidine (0.25 

g). ' 

MS(ESI pos.)m/z: 336([M+H]+), 358([M+Na] + ), (ESI neg.)m/z: 334([M-H]-), 370([M+CL]'). 
Example 30 

Synthesis of (2S,4S)-2-cyano-4-fluoro-1-[(1-methoxymethyl-1-methyl)ethylamino]acetylpyrrolidine hydrochloride 

[0168] In a mixture of tetrahydrofuran (7.5 mL) and ethanol (2.5 mL) was dissolved (1-methoxymethyl-1 -methyl) 
ethylamine hydrochloride (0.74 g) and, after neutralization by adding diisopropylamine (0.92 mL) with ice-cooling, (2S, 
4S)-1-bromoacetyl-2-cyano-4-fluoropyrrolidine (0.62 g) was added. After stirring with ice-cooling for an hour, the tem- 
perature was returned to room temperature, and then, the mixture was stirred for 2 days. Working up in the manner 
similar to that of Example 21 , the title compound (0.07 g) was obtained as a colorless powder. 
MS(ESI pos.)m/z: 258([M+H] + ), 280([M+Na] + ), (ESI neg.)m/z: 2Q2([M+CL]-). 

Example 31 

Synthesis of (2S,4S)-2-cyano-4-fluoro-1-[(2-hydroxy-1 ,1-dimethyl)ethylamino]acetylpyrrolidine hydrochloride 

[0169] According to the manner similar to that of Example 21 , the title compound (0.62 g) was obtained as a pale 
pink powder from 2-amino-2-methyl-1-propanol (0.71 g) and (2S,4S)-1-bromoacetyl-2-cyano-4-fluoropyrrolidine (0.54 
9). 

MS(ESI pos.)m/z: 244([M+H]+), 266([M+Na] + ), (ESI neg.)m/z: 242([M-H]-), 278([M+CL]"). 
Example 32 

Synthesis of (2S,4S)-1 -(2-adamantylamino)acetyl-2-cyano-4-fluoropyrrolidine hydrochloride 

[01 70] According to the manner similar to that of Example 27, the title compound (0.23 g) was obtained as a colorless 
powder from 2-adamantanamine (0.4 g) and (2S,4S)-1-bromoacetyl-2-cyano-4-fluoropyrrolidine (0.25 g). 
MS(ESI pos.)m/z: 306([M+H] + ), 328([M+Na] + ), (ESI neg.)m/z: 304([M-H]"), 340([M+CL]'). 
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Example 33 

Synthesis of (2S,4S)-2-cyano-4-fluoro-1 -(1 -hydroxy-3-adamantylamino)acetylpyrrolidine hydrochloride 
, s 
5 [01 71] According to the manner similar to that of Example 27, the title compound (0.42 g) was obtained as a colorless 
powder from 3-amino-1-adamantanol (0.70 g) and (2S : 4S)-1-bromoacetyl-2-cyano-4-fluoropyrrolidine (0.47 g). 
MS(ESI pos.)m/z: 322([M+H] + ), 344([M+Na] + ), (ESI neg.)m/z: 320([M-H]-), 356([M+CL]'). 

Example 34 i 

Synthesis of (2S,4S)-2-cyano-4-fluoro-1 -(1 -hydroxy-4-adamantyiamino)ace1ylpyrrolidine hydrochloride 

[01 72] 'In tetrahydrofuran (1 0 ml_) - ethanol (5 mL) was dissolved 4-amino-1 -adamantanol (0.5 g), and (2S,4S)-1 -bro- 
moacetyl-2-cyano-4-fluoropyrrolidine (0.45 g) was added with ice-cooling. The temperature was gradually raised, and 

'5 then, the mixture was stirred at room temperature overnight. The solution was taken up in a saturated aqueous sodium 
bicarbonate solution and extracted with ethyl acetate. The organic phase was washed with a saturated aqueous sodium 
chloride solution and dried over anhydrous sodium sulfate, the drying agent was removed by filtration, and the filtrate 
was concentrated under reduced pressure. The residue was purified by a silica gel column chromatography (developing 
solvent; chloroform : methanol : 25% aqueous ammonia solution =40:1 :0.1 - 10:1 :0.1). The resulting residue was dis- 

20 solved in ethyl acetate (5 mL), and 4M hydrochloric acid (ethyl acetate solution, 0.30 mL) was added with ice-cooling. 
The precipitated insoluble substance was collected by filtration and washed with ethyl acetate to give the title compound 
(0.27 g) as a colorless powder. * 

MS(feSI pos.)m/z: 322([M+H] + ), 344([M+Na] + ), (ESI neg.)m/z: 356([M+CJ_]*). 

25 Example 35 

i 

Synthesis of (2S,4S)-2-cyano-4-fluoro-1 -(1 -methoxy-3-adamantylamino)acetylpyrrolidine hydrochloride 

"»►■ * ' i . rf , , ( . 

- [0173] According to the manner similar to that of Example 34,, (2S/tS)-2-cyano-4-fluoro-1-(1-methoxy-3-ada- 
30 mantylamino)acetyipyrrolidine (0.23 g) was obtained from 1 -methoxy-3-adamantanamine (0.17 g) and (2S,4S)-1-b'ro- 
moacetyl-2-cyaho-4-fluoropyrrolidine (0.17 g). An aliquot (0.22 g) of this product was dissolved in ethyl acetate (4 mL), 
arid then 4M hydrochloric acid (ethyl acetate solution; 0.20 mL) was added. To the solution was added diethyl ether (8 
mL), and the precipitated insoluble substance was collected by filtration to give the title compound (0. 1 0 g) as a colorless 
powder. 

35 MS(ESI pos.)m/z: 336([M+H]+), 358([M+Na] + ), (ESI neg.)m/z: 370([M+CL]"). 

Example 36 

Synthesis of (2S,4S)-1-(1-adamantylamino)acetyl-2-cyano-4-fluoropyrrolidine hydrochloride 

40 

[0174] According to the manner similar to that of Example 35, the title compound (0.15 g) was obtained as a colorless 
powder from 1-adamantanamine (0.45 g) and (2S,4S)-1-bromoacetyl-2-cyaho-4-fluoropyrrolidine (0.235 g). 
MS(ESI pos.)m/z: 306([M+H] + ), 328([M+Na]+), (ESI neg.)m/z: 340([M+CL]"). 

45 Example 37 

Synthesis of (2S,4S)-1-[2-[(5-chloropyridin-2-yl)amino]ethylamino]acetyl-2-cyano-4-fluoropyrrolidine dihydrochloride 

(1 ) Synthesis of (2S,4S)-1 -[N-(tert-butoxycarbonyl)-2-[(5-chloropyridin-2-yl)amino]ethylamino]acetyl-2-cyano- 
50 4-fluoropyrrolidine 

[0175] In ethanol (15 mL) was dissolved 2-(2-aminoethylamino)-5-chloropyridine (1 .54 g), and then a tetrahydrofuran 
solution (15 mL) of (2S,4S)-1-bromoacetyl-2-cyano-4-fluoropyrrolidine (0.71 g) was added with ice-cooling, followed 
by stirring with ice-cooling for 10 minutes and then at room temperature for 30 minutes. The solution was again ice- 
55 cooled, and a tetrahydrofuran solution (1 0 mL) of di-tert-butyldicarbonate (1 .96 g) and diisopropylethylamine (0.52 mL) 
were added. The temperature was raised, and then, the mixture was stirred followed by stirring at room temperature 
for an hour. The solvent was evaporated under reduced pressure, and the residue was purified by a silica gel column 
chromatography (developing solvent; hexane : ethyl acetate =2:1 - only ethyl acetate) to give the title compound (1 .07 
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g) as a colorless amorphous substance. 

MS(ESI pos.)m/z: 448([M+Na] ,+ ), (ESI neg.)m/z: 424([M-H]*) 

(2) Synthesis of (2S,4S)-1 r[2-[(5-chloropyridin-2-yl)amino]ethylamino]acetyl-2-cyano-4-f luoropyrrolidine 
dihydrochloride 

[0176] In 1,4-dioxane (2.5 mL) was dissolved (2S,4S)-1 -[N-(tert-butoxycarbonyl)-2-[(5-chloropyridin-2-yl)amino] 
ethylamino]acetyl-2-cyano-4-fluoropyrrolidine (1.02 g), and 4M hydrochloric acid (1 : 4-dioxane solution, 7.5 mL) was 
added with ice-cooling, followed by stirring with ice-cooling for an hour. Tcthe reaction solution was added toluene (30 
mL), and an insoluble substance was collected by filtration. The resulting powder was dissolved in methanol (2 mL), 
added to toluene (50 mL), and stirred at room temperature. The precipitated insoluble substance was collected by 
filtration to give the title compound (0.75 g) as a colorless powder. 

MS(ESI pos.)m/z: 326([M+H] + ), 348([M+Na] + ), (ESI neg.)m/z: 324([M-H]-), 360([M+CL]-). 

Example 38 

Synthesis of (2S,4S)-2-cyano-4^fluoro-1 -[2-[(pyridin-2-yl)amino]ethylamino]acetylpyrrolidine dihydrochloride 

(1) Synthesis of (2S,4S)-1 -[N-(tert-butoxycarbonyl)-2-[(pyridin-2-yi)amino]ethylamino]acetyl-2-cyano- 
4-fluoropyrrolidine 

[0177] According to the manner similar to that of Example 37(1), the title compound (0.60 g) was obtained as a 
colorless amorphous substance from 2-(2-aminoethylamino)pyridine (0.82 g) and (2S,4S)-1 -bromoacetyi-2-cyano- 
4-fluoropyrrolidine (0.71 g). 

MS(ESI pos.)m/z: 414[[M+Na] + ), (ESI neg.)m/z: 390([M-H]"). 

(2) Synthesis of (2S,4S)>2-cyano-4-fluoro-1-[2r[(pyridin-2-yl)amino]ethylamino]acetylpyrrolidine dihydrochloride 

■ ... . ■ . • , .. i ,« • - * ' 

[0178] According to the manner similar to that of Example 37(2), the title compound (0.27 g) was obtained as a 
colorless powder from (2S,4S)-1 -[N-(tert-butoxycarbonyl)-2-[(pyridin-2-yl)amino]ethyiamino]acetyl-2-cyano-4-fluoro- 
pyrrolidine.(0.54 g). 

MS(ESI pos.)m/z: 292([M+Hr), 314([M+Na] + ), (ESI neg.)m/z: 290([M-H]-) ) 326([M+CL]-). 
Example 39 

Synthesis of (2S,4S)-1-[2-[(5-aminocarbonylpyridin-2-yl)amino]ethylamino]acetyl-2-cyano-4-fluoropyrrolidine 
dihydrochloride 

(1) Synthesis of (2S,4S)-1 -[N-(tert-butoxycarbonyl)-2-[(5-aminocarbonylpyridin-2-yl)amino]ethylamino]acetyl- 
2-cyano-4-fluoropyrrolidine 

[0179] According to the manner similar to that of Example 37(1), the title compound (0.36 g) was obtained as a 
colorless amorphous substance from 2-(2-aminoethylamino)-5-aminocarbonylpyridine (1.08 g) and (2S,4S)-1-bro- 
moacetyl-2-cyano-4-fluoropyrrolidine (0.71 g). 

MS(ESI pos.)m/z: 457([M+Na]+), (ESI neg.)m/z: 433([M*H]-). 

(2) Synthesis of (2S,4S)-1 -[2-[(5-aminocarbonylpyridin-2-yl)amiho]ethylamino]acetyl-2-cyano-4-fluoropyrrolidine 
dihydrochloride 

[0180] According to the manner similar to that of Example 37(2), the title compound (0.26 g) was obtained as a pale 
pink powder from (2S,4S)-1 -[N-(tert-butoxycarbonyl)-2-[(5-aminocarbonylpyridin-2-yl)amino]ethylamino]acetyl-2-cy- 
ano-4-fluoropyrrolidine (0.32 g). 

MS(ESI pos.)m/z: 335([M+H]+), 357([M+Na] + ), (ESI neg.)m/z: 333([M-H]"), 369([M+CL]-). 
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Example 40 

Synthesis of (2S,4S)-1-[[(2S)-2-amino-2-cyclohexyl]acetyl]-2-cyano-4-fluoropyrrolidine hydrochloride 

(1) Synthesis of (2S,4S)-2-(aminocarbonyl)-1 -[[(2S)-2-fluorenylmethoxycarbonylamino-2-cyclohexyl]acetyl]- 
4-fluoropyrrolidine 

[0181] According tothe manner similarto that of Example .1 (3), the title compound (0.88 g) was obtained as a colorless 
amorphous substance from (2S 1 4S)-2-(aminocarbonyl)-4-fluoropyrrolldine hydrochloride (0.30 g) and [(2S)-2-fluore- 
nylmethoxycarbonyl^mino-2-cyclohexyl]acetic acid (0.71 g). 
MS(ESI pos.)m/z: 516([M+Na]+). 

(2) SyntHesis of (2S,4S)-2-cyano-1 -[[(2S)-2-fluorenylmethoxycarbonylamino-2-cyclohexyl]acetyl]-4-fluoropyrrolidlne 

[0182] Accordingtothemannersimilartothatof Example 1 (4), thetitle compound (0.76 g) was obtained as a colorless 
amorphous substance from (2S ! 4S)-2-(aminocarbonyl)-1-([(2S)-2-fluorenylmethoxycarbonylamino-2-cyclohexyl] 
acetyl]-4-fluoropyrrolidine (0.86 g). 

MS(ESI pos.)m/z: 498([M+Na]+). 

♦ 

(3) Synthesis of (2S,4S)-1-[[(2S)-2-amino-2-cyclohexyl]acetyl]-2-cyano-4-fluoropyrrolidine hydrochloride 

[0183] Accordingtothe manner similar to thdt of Example 1(5), the title compound (0.27 g) was obtained as a colorless 
powder from (2S ! 4S)-2-cyano-1-[[(2S)-2-fluorenylmethoxycarbonylamino-2-cyclohexyl]acetyl]>4-fluoropyrrolidine 
(0.73 g). 

MS(ESI pos.)m/z: 254([M+H] + ), 276([M+Na] + ), (ESI neg.)m/z: 252([M-H]-) ; 288([M+CL]"). 

i 

Example 41 

..»..■!.. ' . , , ...... a , , , 

' Synthesis of (2S,4S)-1-[(2S)-2-amino-4-[[5-(benzyloxycarbonyi)penty|amino]carbonyl]butanoyl]-2-cyano- 
4-fluoropyrrolidine hydrochloride 

[0184] According to the manner similar to that of Example 40, the title compound (0.16 g) was obtained as a colorless 
amorphous substance from (2S,4S)-2-(aminocaroonyl)-4-fluoropyrrolidine hydrochloride (0.30 g) and [(2S)-2-fluore- 
nylmethoxycarbonylamino-4-[(5-benzyloxycarbonylpentyl)aminocarbonyl]butanoic acid (1.07 g). 
MS(ESI pos.)m/z: 447([M+H]+), 469([M+Na] + ), (ESI neg.)m/z: 445([M-H]"), 481 ([M+CL]-). 

Example 42 

Synthesis of (2S,4S)-1-[[(2S)-2-amino-6-benzyloxycarbonylamino]hexanoyl]-2-cyano-4-fluoropyrrolidine 
hydrochloride 

(1) Synthesis of (2S,4S)-2-(aminocarbonyl)-1-[[(2S)-2-(tert-butoxycarbonylamino)-6-benzyloxycarbonylamino] 
hexanoyl]-4-fiuoropyrrolidine 

[0185] In dimethylformamide (5 mL) were dissolved (2S,4S)-2-(aminocarbonyl)-4-fluoropyrrolidine hydrochloride 
(0.30 g) and hydroxysuccinimide (2S)-2-tert-butoxycarbonylamino-6-[benzyloxycarbonylaminolhexanoate (0.71 g), 
and then diisopropylamine (0.26 mL) was added, followed by stirring at room temperature overnight. Working-up in 
the manner similar to that of Example 1 (3), the title compound (0.69 g) was obtained as a colorless amorphous sub- 
stance. 

MS(ESI pos.)m/z: 517([M+Na] + ), (ESI neg.)m/z: 493([M-H]"). 

(2) Synthesis of (2S,4S)-1 -[[(2S)-2-(tert-butoxycarbonylamino)-6-benzyloxycarbonylamino]hexanoyl]-2-cyano- 
4-fluoropyrrolidine 

[0186] Accordingtothemannersimilartothatof Example 1(4), the title compound (0.36 g) was obtained as a colorless 
amorphous substance from (2S,4S)-2-(aminocarbonyl)-1-[[(2S)-2-(tert-butoxycarbonylamino)-6-benzyloxycarbo- 
nylamino]hexanoyl]-4-fluoropyrrolidine (0.65 g). 

MS(ESI pos.)m/z: 499([M+Na] + ), (ESI neg.)m/z: 475([M-HJ-). 
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(3) Synthesis of (2S,4S)-1 -[[(2S)"2-amino-6-benzyloxycarbonylamino]hexanoyl]-2-cyano-4-fluoropyrrolidi 
hydrochloride 

[0187] In 1,4-dioxane (2.0 ml) was dissolved (2S,4S)-1-[[(2S)-2-(tert-butoxycarbonylamino)-6-ben2yloxycarbo- 
nylamino]hexanoyl]-2-cyano-4-fluoropyrrolidine (0.34 g), and then 4M hydrochloric acid (1 : 4-dioxane solution, 2.0 ml_) 
was added, followed by stirring at room temperature for 2.5 hours. The solution was concentrated under reduced 
pressure, and the resulting residue was dissolved by adding 2-propanol (3.0 mL) and methanol (1.0 mL), and then 
isopropyl ether (1 0 mL) was added. The solution was stirred at room temperature for 0.5 hour, the precipitated insoluble 
substance was collected by filtration to give the title compound (0.27 g) as a colorless powder. 
MS(ESI pos.)m/z: 377([M+H]+), 399([M+Na] + ), (ESI neg.)m/z: 375([M-H]-), 411 ([M+,CL]-). 

Example 43 

Synthesis of (2S,4S)-2-cyano-4-f luoro-1 -[[(2S,3S)-3-methyl-2-methylamino]pentanoyl]pyrrolidine hydrochloride 

(1 ) Synthesis of (2S,4S)-2-(aminocarbonyl)-1 -^S^SJ^-IN-Oert-butoxycarbonyO-N-methyljamino- 

3- methylpentanoyl]-4-fluoropyrrolidine 

[01 88] According to themannersimilarto that of Example 1 (3), thetitle compound (1 :35 g) was obtained as a colorless 
amorphous substance from (2S,4S)-2-(aminocarbonyl)-4-fluoropyrrolidine hydrochloride (0.67 g) and (2S,3S)- 
2-[N-(tert-butoxycarbonyl)-N-methyl]amino-3-methylpentanoic acid (0.98' g). 
MS(ESI pos.)m/z: 382([M+Na]+), (ESI neg.)m/z: 358([M-H]- ). 

(2) Synthesis of (2S,4S)-1 -[(2S,3S)-2-[N-(tert-butoxycarbonyl)-N-methyl]amino-3-methylpentanoyl]-2-cyano- 

4- fluoropyrrolidine 

[0189] According to the manner similar to that of Example 15(2), the title compound (0.89 g) was obtained as a 
colorless amorphous substance from (2S,4S)-2-(aminocarbonyl)-1 -[(2S } 3S)-2-(.N-(te,rt-butoxycarbonyl)-N-methyl]ami- 
no-3-methylpentanoyl]-4-fluoropyrrolidipe (1 .32 g). 

MS(ESI pos.)m/z: 364([M+Na]+), (ESI neg.)m/z: 340([M-H]0. 

(3) Synthesis of (2S,4S)-2-cyano-4-fluoro-1 -[[(2S,3S)-3-methyl-2-methylamino]pentanoyl]pyrrolidine hydrochloride 

[0190] According to the manner similar to that of Example 15(3), the title compound (0.053 g) was obtained as a 
colorless powder from (2S,4S)-1 -[(2S,3S)-2-[N-(tert-butoxycarbonyl)-N-methyl]amino-3-methylpentanoyl]-2-cyano- 
4-fluoropyrrolidine (0.10 g). 

MS(ESI pos.)m/z: 242([M+H] + ), 264([M+Na] + ), (ESI neg.)m/z: 276([M+CL]-). 

Example 44 

Synthesis of (2S,4S)-1 -[[(2S,3R)-2-amino-3-(tert-butoxy)]butanoyl]-2-cyano-4-fluoropyrrolidine hydrochloride 

(1) Synthesis of (2S,4S)-1 -(tert-butoxycarbonyl)-2-cyano-4-fluoropyrrolidine 

[0191] According to the manner similar to that of Example 15(2), the title compound (9.23 g) was obtained as a 
colorless powder from (2S,4S)-2-(aminocarbonyl)-1-(tert-butoxycarbonyl)-4-fluorppyrrolidine (10.0 g). 
MS(ESI pos.)m/z: 237([M+Na] + ). 

(2) Synthesis of (2S,4S)-2-cyano-4-fluoropyrrolidine hydrochloride 

[0192] According to the manner similar to that of Example 15(3), thetitle compound (5.76 g) was obtained as a pale 
pink powder from (2S,4S)-1 -(tert-butoxycarbonyl)-2-cyano-4-fluoropyrrolidine (8.99 g). 
MS(ESI pos.)m/z: 115([M+H] + ), (El pos.)m/z: 114([M] + ). 

(3) Synthesis of (2S,4S)-2-cyano-1 -[[(2S,3R)-2-fluorenylmethoxycarbonylamino-3-(tert-butoxy)]butanoyl]- 
4-fluoropyrrolidine 

[0193] Accordingtothemannersimilartothat of Example 1(3), thetitlecompound (0.87 g) was obtained as acolorless 
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amorphous substance from (2S,4S)-2-cyano-4-fluoropyrrolidine hydrochloride (0,30 g) and [(2S,3R)-2-fluorenylmeth- 
oxycarbonylamino-3-(tert-butoxy)]butanoic acid (0.80 g). 
MS(ESl pos.)m/z: 51 6([M+Na] + ). 

(4) Synthesis of (2S,4S)-1 -[[(2S J 3R)-2-amino-3-(tert-butoxy)]butanoyl] -2-cyano-4-fluoropyrrolidine hydrochloride 

[0194] According to the manner similar to that of Example 1 (5), the title compound (0.28 g) was obtained as a colorless 
p.owder from (2S,4S)-2-cyano-1 -[[(2S,3R)-2-fluorenylmethoxycarbonylamino-3-(tert-butoxy)]butanoyl]-4-fluoropyrroli- 
dine (0.71 g). ' 

MS(ESI pos.)mVz: 272([M+H] + ), 294([M+Na] + ), (ESI neg.)m/z: 306([M+CL]")' 

1 'i 

Example 45 
i 

Synthesis of (2S,4S)-2-cyano-4-fluoro-1-[[(3S)-1 ,2,3,4-tetrahydroisoquinolin-3-yl]carbonyl]pyrrolidine hydrochloride 

(1 ) Synthesis of (2S,4S)-1 -[(3S)-2-(tert-butoxycarbonyl)-1 ^^^-tetrahydroisoquinolin-S-yllcarbonyl^-cyano- 
4-fluoropyrrolidine 

[0195] According to the manner similar to that of Example 1 (3), the title compound (0.83 g) was obtained as a»pale 
brown powder from (2S,4S)-2-cyano-4-fluoropyrrolidine hydrochloride (0.69 g) and (3S)-2-(tert-butoxycarbonyl)- 
1 ,2,3,4-tetrahydroisoquinoline-3-carboxylic acid (0.41 g). 

MS(ESI pos.)m/z: 396([M+Na] + ), (ESI neg.)m/z: 372([M-H]-). 

(2) Synthesis of (2S,4S)-2-cyano-4-fluoro-1-[[(3S)-1 ,2,3,4-tetrahydroisoquinolin-3-yl]carbonyl]pyrrolidine 
hydrochloride 

i 

[0196] In ethanol (6 mL) was suspended (2S,4S)-1-[(3S)-2-(tert-butoxycarbonyl)-1 ,2,3,4-tetrahydroisoquinolin-3-yl] 
carbonyl^2-cyano-4-tluoropyrroiidine (0.30 g) and, after ice-cooling, 6M aqueous hydrochloric acid solution (3 mL) was 
added. The temperature was gradually raised to room temperature, and then > the mixture was stirred overnight. Further, 
methanol (6 mL) and 6M aqueous hydrochloric acid solution (3 mL) were added, followed by stirring at room temperature 
for a day. The solvent was concentrated under reduced pressure, and the resulting residue was washed with diethyl 
ether, dissolved in methanol (2 mL) and added dropwise to ethyl acetate (10 mL). To the solution was added diethyl 
ether (10 mL), and the precipitated insoluble substance was collected by filtration, and washed with ethyl acetate - 
diethyl ether (1:1) to give the title compound (0.19 g) as a pale brown powder. 

MS(ESI pos.)m/z: 274([M+H]+), 296([M+Na]+), (ESI neg.)m/z: 272([M-H]-), 308([M+CL]"). 

Example 46 

Synthesis of (2S,4S)-2-cyano-4-fluoro-1 -[[(3S)-7-hydroxy-1 ,2 ( 3,4-tetrahydrolsoquinolln-3-yl]carbonyl]pyrrolidine 
hydrochloride 

(1) Synthesis of (2S,4S)-1-[(3S)-2-(tert-butoxycaroonyl)-7-hydroxy-1 ,2,3,4-tetrahydroisoquinolin-3-yl]carbonyl- 
2-cyano-4-fluoropyrrolidine 

[01 97] According to the manner similar to that of Example 1 (3) , the title compound (2.81 g) was obtained as a colorless 
amorphous substance from (2S,4S)-2-cyano-4-fluoropyrrolidine hydrochloride (1 .54 g) and (3S)-2-(tert-butoxycarbo- 
nyl)-7-hydroxy-1 ,2,3,4-tetrahydroisoquinoline-3-carboxylic acid (3.00 g). 
MS(ESI pos.)m/z: 412([M+Na] + ), (ESI neg.)m/z: 388([M-H]-). 

(2) Synthesis of (2S,4S)-2-cyano-4-fluoro-1-[[(3S)-7-hydroxy-1 ,2,3,4-tetrahydroisoquinolin-3-yl]carbonyl]pyrrolidine 
hydrochloride 

[0198] According to the manner similar to that of Example 45(2), the title compound (0.12 g) was obtained as a pale 
brown powder from (2S,4S)-1 -[(3S)-2-(tert-butoxycarbonyl)-7-hydroxy-1 ,2,3,4-tetrahydroisoquinolin-3-yl]carbonyl- 
2-cyano-4-fluoropyrrolidine (0.30 g). 

MS(ES! pos.)m/z: 290([M+H] + ), 312([M+Na] + ), (ESI neg.)m/z: 288([M-H]-), 324([M+CL]-). 
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Example 47 

Synthesis of (2S,4S)-2-cyano-4»fluoro-1 -[[(3S)-7-methoxy-1 ^^^-tetrahydroisoquinolin-S-ylJcarbonylJpyrrolidine 
hydrochloride . 1 

(1 ) Synthesis of (2S,4S)-1 -[(3S)-2-(tert-but'oxycarbonyl)-7-methoxy-1 ,2,3,4-tetrahydroisoquinolin-3-yl]carbonyl- 
2-cyano-4-fluoropyrrolidine 

[0199] In N^-dimethylformamide (5 mL) was dissolved • (2S,49)-1-[(3S)-2-(tert-butoxycarbonyl)-7-hydroxy- 
1 ,2,3,4-tetrahydroisoquinolin-3-yl]carbonyl-2-cyano-4-fluoropyrrolidine (0.63 g), and then, methyl iodide (0.15 mL) and 
potassium carbonate (0.25 g) were added, followed by stirring at room temperature overnight. The reaction solution 
was taken up in water and extracted with ethyl acetate. The organic phase was washed with 0.5 M aqueous hydrochloric 
acid solution, a saturated aqueous sodium bicarbonate solution and a saturated aqueous sodium chloride solution, 
successively. After drying over anhydrous sodium sulfate, the drying agent was separated by filtration, and the filtrate 
was concentrated under reduced pressure. The residue was washed with diisopropyl ether to give the title compound 
(0.42 g) as a pale yellow powder. 

MS(ESI pos.)m/z: 426([M+Na] + ), (ESI neg.)m/z: 402([M-H]-). 

(2) Synthesis of (2S,4S)-2-cyano-4-fluoro-1 -[[(3S)-7-methoxy-1 ,2,3,4-tetrahydroisoquinolin-3-yl]caroonyl]pyrrolidine 
hydrochloride 

[0200] According to the manner similar to that of Example 45(2), the title compound (0.12 g) was obtained as a pale 
brown powder from (2S,4S)-1 -[(3S)-2-(tert-butoxycarbonyl)-7-methoxy-1 ,2,3,4-tetrahydroisoquinolin-3-yl]carbonyl- 
2-cyano-4-fluoropyrrolidine (0.30 g). 

MS(ESI pos.)m/z: 304([M+H] + ), 326([M+Na]+), (ESI neg.)m/z: 338([M+CL]"). 

Example 48 

• • .. , • ■ i .-• . 

Synthesis of (2S,4S)-1-[(3S)-7-aminocait>onylmethoxy-1 ,2,3,4-tetrahydroisoquinolin-3-yl]carbonyl-2-cyano- 
4-fluoropyrrolidine hydrochloride 

(1 ) Synthesis of (2S,4S)-1 -[(3S)-2-(tert-butoxycarbonyl)-7-aminocarbonylmethoxy-1 ,2,3,4-tetrahydroisoquinolin-3-yl] 
carbonyl-2-cyano-4-fluoropyrrolidine 

[0201] According to the manner similar to that of Example 47(1), the title compound (0.55 g) was obtained as a 
colorless powder from (25,4S)-1-[(3S)-2-(tert-butoxycarbonyl)-7-hydroxy-1 ,2,3,4-tetrahydroisoquinolin-3-yl]carbonyl- 
2-cyano-4-fluoropyrrolidine(0.60 g) and bromoacetamide (0.32 g). 
MS(ESI pos.)m/z: 469([M+Na] + ), (ESI neg.)m/z: 445([M-H]-). 

(2) Synthesis of (2S,4S)-1 -[(3S)-7-aminocarbonylmethoxy-1 ,2,3,4-tetrahydroisoquinolin-3-yl]carbonyl-2-cyano- 
4-fluoropyrrolidine hydrochloride 

[0202] In ethyl acetate (12 mL) was suspended (2S,4S)-1-[(3S)-2-(tert-butoxycarbonyl)-7-aminocarbonylmethoxy- 
1 ,2,3,4-tetrahydroisoquinolin-3-yl]carbonyl-2-cyano-4-fluoropyrrolidine (0.30 g), and then 4M hydrochloric acid (ethyl 
acetate solution, 12 mL) was added with ice-cooling, followed by stirring with ice-cooling for 15 minutes and then at 
room temperature for an hour. Ethyl acetate (12 mL) was added, the resulting insoluble substance was collected by 
filtration and washed with ethyl acetate to give a pale yellow powder. The resulting powder was then suspended in 
ethanol (5 mL), stirred at room temperature for an hour, collected by filtration and washed with ethanol to give the title 
compound (0.21 g) as a colorless powder. 

MS(ESI pos.)m/z: 347([M+H]+), 369([M+Na] + ), (ESI neg.)m/z: 345([M-H]-), 381([M+CL]-). 
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Example 49 

Synthesis of (2S,4S)-2-cyano-1 -[(3S)-6 ! 7-dimethoxy-1 ^.S^-tetrahydroisoquinolin-S-yllcarbonyM-fluoropyrrolidine 
hydrochloride s M 

(1) Synthesis of (3S)-2-(tert-butoxycait>onyl)-6,7-dimethoxy-1 ,2,3 } 4-tetrahydroisoquinoline-3-carboxylic acid 

[0203] In tetrahydrofuran (6 ml_) was suspended (3S)-6,7-dimethoxy-1 ^^^-tetrahydrqisoquinoline-S-carboxylate 
p-toluenesulfonate (0.50 g), and then a saturated aqueous sodium bicarbonate solution (3 mL) was added at room 
temperature, followed by stirring at room temperature until bubbles were no longer formed. The solution was cooled 
on an ice-bath, di-tert-butyldicarbonate (0.31 mL) was added, the temperature was gradually raised, and then, the 
mixture was stirred at room temperature overnight. 1 M aqueous hydrochloric acid solution (5 mL) and an excess amount 
of sodium chloride were added, followed by extraction with ethyl acetate. The organic phase was washed with a sat- 
urated aqueous sodium chloride solution and, after drying over anhydrous sodium sulfate, the drying agent was re- 
moved by filtration, and the filtrate was concentrated under reduced pressure. The residue was washed with hexane 
- diisopropyl ether to give the title compound (0.38 g) as a pale yellow powder. 
MS(ESI pos.)m/z: 360([M+Na] + ), (ESI neg.)m/z: 336([M-H]-). 

(2) Synthesis of (2S,4S)-1-[(3S)-2-(tert-butoxycarbonyl)-6,7-dimethoxy-1 ,2,3,4-tetrahydroisoquinolin-3-yl]carboayl- 
2-cyano-4-fluoropyrrolidine 

[0204] According to the manner similar to tha*t of Example 1 (3), the title compound (0.34 g) was obtained as a colorless 
powder from (2S,4S)-2-cyano-4-fluoropyrrolidine hydrochloride (0.15 g) and (3S)-2-(tert-butoxycarbonyl)-67-dimeth- 
oxy-1 ^.S^-tetrahydroisoquinoline-S-carboxylic acid (0.34 g). 
MS(ESI pos.)m/z: 456([M+Na] 4 ). 

(3) Synthesis of (2S,4S)-2-cyano-1-[(3S)-6,7-dimethoxy-1 ^^^-tetrahydroisoquinoiin-S-yllcarbonyl- 
4-fluoropyrrolidine hydrochloride n , *■ 

[0205] According to the manner similar to that of Example 45(2), the title compound (0.20 g) was obtained as a pale 
yellow powder from (2S,4S)-1-[(3S)-2-(tert-butoxycarbonyl)-6 l 7-dimethoxy-1 s 2;3,4-tetrahydroisoquinolin-3-yl]carbon- 
yl : 2-cyano-4-f\ioropyrrolidine (0.30 g). ' 

MS(ESI pos.)m/z: 334[M+H] + ), 356([M+Na]+), (ESI neg.)m/z: 368([M+CL]-). * 

Example 50 

\ 

Synthesis of (2S,4S)-1-[[(2S s 3R)-2-amino-3-benzyloxy]butanoyl]-2-cyano-4-fluoropyrrolidine hydrochloride 

(1) Synthesis of (2S,4S)-1-[[(2S,3R)-2-(tert-butoxycar^^ 

[0206] According to the manner similar to that of Example 1 (3), the title compound (0.81 g) was obtained as a pale 
brown amorphous substance from (2S,4S)-2-cyano-4-fluoropyrrolidine hydrochloride (0.30 g) and [(2S,3R)-2-(tert-bu- 
toxycait>onylamino)-3-benzyloxy]butanoic acid (0.62 g). 

MS(ESI pos.)m/z: 406([M+H] + ), 428({M+Na] + ), (ESI neg.)m/z: 404([M-H]"). 

(2) Synthesis of (2S,4S)-1-[[(2S,3R)-2-amino-3-benzyloxy]butanoyl]-2-cyano-4-fluoropyrrolidine hydrochloride 

[0207] According to the manner similar to that of Example 48(2), the title compound (0.34 g) was obtained as a brown 
powder from (2S,4S)-1-[[(2S,3R)-2-(tert-butoxycarbonylamino)-3-benzyloxy]butanoyl]-2-cyano-4-fluoropyrroiidine 
(0.49 g). 

MS(ESI pos.)m/z: 306([M+H] + ), 328([M+Na]+), (ESI neg.)m/z: 340([M+CL]-). 
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Example 51 

Synthesis of (2S,4S)-2-cyano-4»fluoro-1 -[[(2S)-pyrrolidin-2-yi]carbonyl]pyrrolidine hydrochloride 

(1 ) Synthesis of (2S,4S)-2-(aminocarbonyl)-1 -[(2S)-1 -(tert-butoxycarbonyl)pyrrolidin-2-yl]carbonyl-4-fluoropyrrolidine 

[0208] According to the manner similar to that of Example 1(3), the title compound (0.88 g) was obtained as a colorless 
amorphous substance from (2S,4S)-2-aminocarbonyl-4-fluoropyrrolidine hydrochloride (0.50 g) and (2S)-1-(tert-bu- 
toxycarbonyl)-2-pyrrolidinecarboxylic acid (0.64 g). 

MS(ESI pos.)m/z: 352([M+Na] + ), (ESI neg.)m/z: 328([M-H]-). 

(2) Synthesis of (2S,4S)-1 -[(25)-1 >(tert-butoxycarbonyl)pyrroiidin-2-yi]carbonyl-2-cyano-4-fluoropyrrolidine 

[0209] According to the manner similar to that of Example 11(3), the title compound (0.65 g) was obtained as a 
colorless solid from (2S,4S)-2-(aminocarbonyl)-1 -[(2S)-1 -(tert-butoxycarbonyl)pyrrolidin-2-yl]carbonyl-4-f luoropyrroli- 
dine (0.80 g). 

MS(ESI pos.)m/z: 334([M+Na] + ). 

(3) Synthesis of (2S,4S)-2-cyano-4-fluoro-1 -[[(2S)pyrrolidin-2-yl]carbonyl]pyrrolidine hydrochloride 

[0210] In diethyl ether (10 mL) was suspended (2S,4S)-1-[(2S) : 1 -(tert-butoxycarbonyl)pyrrolidin-2-yl]carbonyl-2-cy- 
ano-4-fluoropyrrolidine (0.66 g), and then 4M hydrochloric acid (dioxane solution, 15 mL) was added, followed by 
stirring at room temperature for 3.5 hours. After evaporation of the solvent, diisopropyl ether (15 mL) was added to the 
residue, followed by stirring. The precipitated insoluble substance was collected by filtration to give the title compound 
(0.53 g) as a pale orange solid. 

MS(ESI pos.)m/z: 212([M+H] + ), 234([M+Na] + ), (ESI neg.)m/z: 246([M+CL]-). 

Example 52 ... , j 

Synthesis of (2S,4S)-1-[(cis-2-amino-cyclopentan-1 -yl)carbonyl]-2-cyano-4-fluoropyrrolidine hydrochloride 

(1) Synthesis of (2S,4S)-1 -[(cis-2-(tert-butoxycarbonylamiho)-cyclopentan-1-yl)carbonyl]-2-cyano-4-fluoropyrrolidipe 

[0211] The crude product which was obtained from (2S,4S)-2-cyano-4-fluoropyrrolidine hydrochloride (0.30 g) and 
cis-2-(tert-butoxycarbonylamino)-cyclopentane-1-carboxylic acid (0.50. g) according to the manner similar to that of 
Example 1 (3) was separated by a silica gel column chromatography (developing solvent; hexane : ethyl acetate =4:1 
- 3:2) to give two diastereoisomers of the title compound, a lower polar component (0.25 g) as a colorless powder and 
a higher polar component (0.27 g) as a colorless powder. 

[0212] Lower polar component; Silica gel TLC, Rf:0. 17 (developing solvent; hexane : ethyl acetate =1:1), MS(ESI 
pos.)m/z: 348([M+Na]+), (ESI neg.)m/z: 324([M-H]-). 

[0213] Higher polar component; Silica gel TLC, Rf:0.10 (developing solvent; hexane : ethyl acetate =1:1), MS(ESI 
pos.)m/z: 348([M+Na] + ), (ESI neg.)m/z: 324([M-H]-). 

(2) Synthesis of (2S,4S)-1 -[(cis-2-aminocyclopentan-1-yl)carbonyl]-2-cyano-4-fluoropyrrolidine hydrochloride 

[0214] According to the manner similar to that of Example 48(2), the title compound (0.060 g) was obtained as a 
colorless powder from lower polar ((2S,4S)-1-[(cis-2-(tert-butoxycarbonylamino)-cyclopentan-1-yl)carbonyl]-2-cyano- 
4-fluoropyrrolidine (0.10 g) obtained in Example 52(1). 

MS(ESI pos.)m/z: 226([M+H] + ), 24B([M+Na]+), (ESI neg.)m/z: 260([M+CL]-). 

Example 53 

Synthesis of (2S,4S)-1 -[(cis-2-amino-cyclopentan-1 -yl)carbonyl]-2-cyano-4-fluoropyrrolidine hydrochloride 

[0215] According to the manner similar to that of Example 48(2), the title compound (0.067 g) was obtained as a 
colorless powder from higher polar ((2S,4S)-1 -[(cis^-tert-butoxycarbonylaminoj-cyclopentan-l -yl)carbonyl]-2-cyano- 
4-fluoropyrrolidine (0.10 g) obtained in Example 52(1). 

MS(ESI pos.)m/z: 226([M+H]+), 248([M+Na]+), (ESI neg.)m/z: 260([M+CL]-). 
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Example 54 

Synthesis of (2S,4S)-2-(aminocarbonyl)-1 -(tert-butoxycarbonyl)-4-fluoropyrrolidine 

5 [0216] In dichloromethane (20 mL) was suspended (2S ! 4R)-2-(aminocarbonyl)-1-(tert-butoxycarbonyl)-4-hydrox- 
ypyrrolidine (2.0 g) obtained in Reference Example 3, and diethylaminosulfur trif luoride (2.3 mL) was added dropwise 
with cooling (-78°C) on a dry ice - acetone bath. The temperature was gradually raised to room temperature, and then, 
the mixture was stirred for 6 hours. The reaction mixture was taken up in a saturated' aqueous sodium bicarbonate 
solution and extracted with ethyl acetate. The organic phase was washed with a saturated aqueous sodium bicarbonate 

10 solution and a saturated aqueous sodium chloride solution, successively, and dried over anhydrous sodium sulfate. 
After removal of the drying agent by filtration, the filtrate was concentrated Under reduced pressure. The residue was 
purified by a silica gel column chromatography (developing solvent; hexane : ethyl acetate =4:1 - 1 :5) to give the title 
compourid (300 mgj as a colorless solid. 

MS(ESI pos.)m/z: 255[[M+Na] 4 ), (ESI neg.)m/z: 231 ([M-H]-) 

15 [0217] Results of a high resolution mass spectrography of the compounds in the above-mentioned examples are 
shown in the following table. 
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[M+H] 4 


w 11 1 '20 '^3 ^2 


226 1556 


226 1545 


13 


ESI 


[M+H] 4 


C 11 H 19 FN 3 0 


228.1512 


228.1525 




14 


El 


[M] 4 


C11 H 17 F 2 N 3 O 


245.1340 


245.1353 




15 


El 


[M] 4 


C 10 H 16 FN 3 O 


213.1277 


213.1284 


40 


16 


El 


[M] 4 


C 10 H 16 F N 3 0 2 


229.1227 


229.1232 




17 


El 


[M] 4 


C„ H 18 FN 3 0 


227.1434 


227.1455 




19 


El 


[M] 4 


CnH 18 FN 3 0 


227.1434 


227.1438 


45 


21 


ESI 


[M+H] 4 


CnH 19 FN 3 0 


228.1512 


228.1521 


22 


El 


[M] 4 


C 10 H 16 FN 3 O 


213.1277 


213.1297 




23 


ESI 


[M+H] 4 


C 10 H 15 FN 3 O 


212.1199 


212.1208 




24 


ESI 


[M+H] 4 


Cn H 17 FN 3 0 


226.1356 


226.1352 


50 


25 


ESI 


[M+H] 4 


C 12 H 19 FN 3 0 


240.1512 


240.1499 




26 


ESI 


[M+H] 4 


C 13 H 21 F N 3 0 2 


270.1618 


270.1621 




27 


ESI 


[M+H] 4 


C 13 H 23 F N 3 °2 


272.1774 


272.1785 


55 


28 


El 


[M] 4 


C 15 H 24 FN 3 0 


281.1903 


281.1911 


29 


El 


[M] 4 


C 17 H 22 FN3O3 


335.1645 


335.1670 




30 


ESI 


[M+H] 4 


C 12 H 21 F N 3 0 2 


258.1618 


258.1603 
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(continued) 



5 



10 



15 



20 



25 



30 



35 



Example Number 


Ionization method 


Detected ion 


Compositional formula 


Calcd. value 


Found value 


31 


1 ESI 


[M+H] 4 


c n H 19 F N 3 0 2 


244.1461 


244.1449 


32 


El 


[M] 4 


C 17 H 24 FN 3 0 


305.1903 


305.1913 


33 


ESI 


[M+H] 4 


C17 H 25 F N 3 0 2 


322.1931 


322.1913 


34 


ESI 


[M+H] 4 


Ci 7 H 25 F ( N3 0 2 


322.1931 


322.1949 


35 


ESI 


[M+H] 4 


C 18 H 27 F N 3 °2 


336.2087 


336.2101 


36 


ESI 


[M+H] 4 


C 17 H 25 F.N 3 0 


306.1982 


306.1973 


37 


El 


[M] 4 


C 14 H 17 ei f.n 5 o 


325.1106 


325.1112 


38 


El 


[M] 4 


C u H 18 FN 5 0 


291.1495 


291.1503 


39 


ESI' 


[M+H] 4 


Ci 5 H 20 FN 6 0 2 


335.1632 


335.1638 


40 


El 


[Mr 


C 13 H 20 FN 3 O 


253.1590 


253.1605 


41 


El 


[M] 4 


C 2 3 H 31 F N 4 0 4 


446.2329 


446.2328 


42 


El 


[Mr 


C 19 H 25 FN 4 0 3 


376.1911 


376.1930 


43 


ESI 


[M+H] 4 


C 12 H 21 FN 3 0 


242.1669 


242.1686 


44 


. ESI 


[M+H] 4 


Ci3 H 23 F N 3 0 2 


272.1774 


272.1793 


45 


ESI 


[M+H] 4 


Ci 5 H 17 FN 3 p 


274.1356 


274.1339 


46 


ESI 


[M+H] 4 1 


C 15 H 17 FN 3 0 2 


290.1305 


290.1304 


47 


ESI 


' [M+H] 4 


C 16 H 19 FN 3 0 2 


304.1461 


304.1456 

i ■ ' 


48 


ESI 


[M+H] 4 


C 17 H 20 FN 4 O 3 . 


347.1519 


347.1527 


49 


ESI 


[M+H] 4 


C 17 H 21 FN 3 0 3 


334.1567 


334.1566 


50 


ESI 


[M+H] 4 


C 16 H 21 FN 3 0 2 


306.1618 


306.1615 
... — i_. 


51 


El 


[M] 4 


C 10 H 14 FN 3 O 


211.1121 


211.1129 


52 


. ESI 


[M+H] 4 


C„ H 17 FN 3 0 


226.1356 


226.1355 


53 


ESI 


[M+H] 4 


Cn H 17 FN 3 0 


226.1356 


226.1359 



Experiment 1 [Dipeptidyl Peptidase IV Activity Inhibition Test] 



[021 8] An activity inhibition test of dipeptidyl peptidase IV (DPP IV) was carried out according to the method described 
in Diabetes, 47, 764 - 769 (1998). Plasma including dipeptidyl peptidase IV was prepared by centrifugation of blood 
collected from healthy human volunteers. Enzyme reaction was carried out using a plate with 96 flat bottom wells in 
the buffer solution containing 25 mM HEPES, 140 mM NaCI and 1% BSA, pH 7.8. To a mixture of 25 jxl of 100 ixM Gly- 
Pro-4-methylcoumaryl-7-amide solution (manufactured by Peptide Institute, Inc.), 7.5 uJ of 1 33 mM magnesium chloride 
solution and 5 uJ of the test compound was added 12.5 \l\ of plasma which was diluted to 1/100 with the above buffer 
solution. After the reaction at room temperature for 2 hours, 50 uJ of 25% aqueous acetic acid solution was added to 
stop the reaction. The fluorescence intensity of the liberated 7-amino-4-methylcoumarine was determined by using a 
fluorescence plate reader (1420 ARVOTM Multilabel Counter; manufactured by Wailac Oy, Excitation: 390 nm, Emis- 
sion: 460 nm). The fluorescence intensity at which the reaction time of the vehicle addition was 0 minute was regarded 
as a blank value, and the specific fluorescence intensity was calculated by subtracting the blank value from the deter- 
mined value. The inhibition rate (%) of the dipeptidyl peptidase IV activity was calculated from the resulting specific 
fluorescence intensity according to the following formula. The dimethyl sulfoxide solution containing the test compound 
at high concentration of 1000-fold was prepared and diluted with the above-mentioned buffer solution for use. The 
concentration (ICsq) of the test compound to exhibit 50% inhibition was calculated from the inhibition rate at each 
concentration. 



38 



EP 1 333 025 A1 



Inhibition rate (%) = A/Bx100 

(A= fluorescence intensity of vehicle addition-fluorescence intensity ofst^e test compound addition) 
5 (B = fluorescence intensity of the vehicle addition) 

[0219] As the comparative drugs were used 1 -[(2S : 3S)-2-amino-3-methylpentanoyl]-2-(S)-cyanopyrrolidine trifluor- 
oacetate (Compound A) described in Patent WO95/15309 and 1-[2-[(5-cyanopyridin-2-yl)amino]ethylamino]acetyl- 
2-(S)-cyanopyrrolidine dihydrochloride (Compound B) described Patent W098/19998 or US. Patent 6011155. 
10 [0220] Results are'shown in Table 1 . The compounds of the present invention are confirmed to have an enhancing 
activity by introducing a fluorine atom on the pyrrolidine ring, and confirmed to have an excellent DPP IV inhibition 
activity. 



Table 1 



DPP IV inhibition activity (IC 50 value, nM) 


Compound A 


1.5 


Compound of Example 1 


.0.6 


Compound of Example 15 


0.7 


Compound of Example 17 


0.6 


Compound B 


5.5 


Compound of Example 5 


1.1 


Compound of Example 21 


2.9 


Compound of Example 26 


3.3 



Experiment 2 [Concentration of test drug in blood by oral administration in rats] 1 

[0221] Wistar rats, male (8 weeks old) were used after fasting from the day before the test. Aqueous solution of the 
compound of Example 1 or Compound A (each of which was prepared by dissolving in purified water to make up to 1 
mg/ml aqueous solution) was orally administered at a dose of 1 mg/kg(1 ml/kg). 

[0222] At 5\10, 15, 30 minutes, 1 and 2 hours after the administration, each 0.2 ml of, blood was collected from the 
jugular vein and, after centrifugation, the resulting plasma was used as sample. • 
[0223] Concentrations of the compound of Example 1 and Compound A in plasma were measured by liquid chro- 
matography tandem mass spectrography method (LC/MS/MS). That is, 50 uJ of the plasma was added to 200 pJ of 
acetonitrile, stirred and, after centrifugation, the supernatant was injected to a liquid chromatography wherein CAPCEL 
PAK C18, UG120 5 \xm (150 mm long, 2 mm diameter) was used as a column, a mixture of 1 0 mM aqueous ammonium 
acetate solution and 90% aqueous acetonitrile solution (1 :9) was used as an eluent, Sciex API3000 LC/MS/MS System 
(Perkin Elmer Sciex) was used as a MS/MS condition, ESI was used as an ionization method, and cation, and SRM 
(precursor ion and daughter ion) was used for monitoring. Indicators of the compound of Example 1 were m/z 228.0 
and m/z 86.0, and those of Compound A were m/z 210.1 and m/z 86.0. 

[0224] Table 2 shows mean concentrations in plasma at the time when blood was collected after oral administration. 
[0225] The compound of Example 1 has a higher concentration in plasma than Compound A, and is confirmed to 
increase the concentration in plasma by introducing a fluorine atom on the pyrrolidine ring. 



Table 2 



Plasma concentrations of the drug after administration 




Concentration in plasma of drug : unit (ng/ml) 


5 min. 


10 min. 


15 min. 


30 min. 


1 hour 


2 hours 


Compound of Example 1 


157 


372 


348 


195 


24 


5 


Compound A 


122 


146 


113 


28 


6 


2 


(Each value is a mean value of 2 samples) 



55 

Experiment 3 [Effect of dipeptidyl peptidase IV inhibitors on oral glucose tolerance test (OGTT) in Zucker fatty rats] 
[0226] An OGTT in Zucker fatty rats was carried out referring to the method described in Diabetologia, 42, 1324 - 
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1331 (1999). In the test, male Zucker fatty rats, 1 0 weeks old (Charles River Japan, Inc.) were used after fasting for 
16 hours. Rats had free access to water up to the time just before the test, and did not have up to the. end of the test. 
Before the begining of the test*'blood was collected from the intraorbital vein using a heparin-treated tube for blood 
collection (manufactured by Drummond Scientific Co.). The test compounds'were each dissolved in water for injection 

5 under Japanese Pharmacopoeia (manufactured by Hikari Pharmaceutical Co.) and orally administered in an amount 
of 2 ml/kg of the body weight. The same' amount of water for injection under Japanese Pharmacopoeia only was 
administered to control group. One g/kg of the body weight of glucose was dissolved in water for injection under Jap- 
anese Pharmacopoeia and orally administered in an amount of 2 ml/kg of the body weight at 30 minutes after the 
administration of the test compound or water for injection. Blood was collected from the ophthalmic vein at 1 5, 30 and 

10 60 minutes after the glucose administration. Blood samples were immediately mixed with heparin (manufactured by 
Shimizu Pharmaceutical Co., Ltd.), and centrifuged at 3000 rpm for 15 minutes at 4°C to recover plasmas, which were 
immediately frozen. 

[0227] Plasma glucose levels of the frozen samples (mg/dl) were determined using Glucose Cll test Wako (manu- 
factured by Wako Fine Chemical Industry Co.), and the area under the curve (min-mg/d!) was calculated from the 
15 plasma glucose levels which were determined from the blood collected for 60 minutes after the glucose administration. 
On the other hand, the plasma glucose level of the sample which was obtained from the blood collected before the 
beginning of the test was used as substitutes for the plasma glucose level at 0 minute. 

[0228] Results are shown in Table 3. The compound of Example 1 inhibited significantly the elevation of the plasma 
glucose level (p<0.05). * 

20 

Table 3 





meant S.'E. (min-mg/dl) 


Water-administered group 
Compound of Example 1- 
administered group 


1 5545 ± 765 
13248 ± 619 



INDUSTRIAL APPLICABILITY , , „ , 

30 [0229] The present invention makes it possible to provide compounds having an excellent dipeptidyl peptidase IV 
(DPP IV) inhibition activity, and the compounds of the present invention are useful as an agent for preventing or treating 
diabetes mellitus, immune diseases, etc. 



35 Claims 

1. A cyanopyrrolidine derivative represented by Formula (1): 



(i) 



[wherein R 1 is a halogen atom, a hydroxyl group, an alkoxy group having 1 to 5 carbon atoms or an alkyl group 
so having 1 to 5 carbon atoms, R 2 is a hydrogen atom, a halogen atom, a hydroxyl group, an alkoxy group having 1 

to 5 carbon atoms or an alkyl group having 1 to 5 carbon atoms, or R 1 and R 2 together form an oxo, a hydroxyimino 
group, an alkoxyimino group having 1 to 5 carbon atoms or an alkylidene group having 1 to 5 carbon atoms, 

R 3 and R 4 are each a hydrogen atom, a halogen atom, a hydroxyl group, an alkoxy group having 1 to 5 
carbon atoms or an alkyl group having 1 to 5 carbon atoms, or R 3 and R 4 together form an oxo, a hydroxyimino 
55 group, an alkoxyimino group having 1 to 5 carbon atoms or an alkylidene group having 1 to 5 carbon atoms, 

X is an oxygen atom or a sulfur atom, 

Y is -CR 5 R 6 - [wherein R 5 and R 6 are the same or different, and each a hydrogen atom; a halogen atom; an 
alkyl group having 1 to 10 carbon atoms which is optionally substituted with at least one selected from the group 
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consisting of a halogen atom, a hydroxy! group, a hydroxyalkyl group having 1,to 5 carbon atoms, a carboxyl group, 
a mercapto group, an alkylthio group having 1 to 5 carbon atoms, a guanidyl group, an optionally substituted phenyl 
group, an imidazolyl group, an indolyl group, -NHR 11 (wherein R 11 is a hydrogen atom, an optionally substituted 
phenyl group, an optionally substituted pyridyl group, a tert-butoxycarbojiyl group or a benzyloxycarbonyl group), 
-CONHR 12 {wherein R 12 is a hydrogen atom or-(CH 2 ) m -R 13 (wherein m is an integer of 1 to 5, and R 13 is a hydrogen 
atom, a methoxycarbonyl group, an ethoxycarbonyl group or a benzyloxycarbonyl group)} and -OR 14 (wherein R 14 
is a chain alkyl group having 1 to 5 carbon atoms or a benzyl group); or an alkenyl group having 2 to 10 carbon 
atoms which is optionally substituted with at least one selected from the group consisting of a halogen atom, a 
hydroxyl group, a carboxyl group, an amino group, an aminocarbonyl group and a chain alkoxy group having 1 to 
5. carbon atoms]', 

or -CR 7 R 8 -CR 9 R 10 - (wherein R 7 , R 8 , R 9 and R 10 are the same or different, and each a hydrogen atom; a halogen 
atom; or an alkyl group having 1 to 1 0 carbon atoms which is optionally substituted with at least one selected from 
the djroup consisting of a halogen atom, a hydroxyl group, a hydroxyalkyl group having 1 to 5 carbon atoms, a 
carboxyl group, a mercapto group, an alkylthio group having 1 to 5 carbon atoms, a guanidyl group, an optionally 
substituted phenyl group, an imidazolyl group, an indolyl group, -NHR 11 (wherein R 11 is a hydrogen atom, an 
optionally substituted phenyl group, an optionally substituted pyridyl group, a tert-butoxycarbonyl group or a ben- 
zyloxycarbonyl group), -CONHR 12 {wherein R 12 is a hydrogen atom or -(CH 2 ) m -R 13 (wherein m is an integer of 1 
to 5, and R 13 is a hydrogen atom, a methoxycarbonyl group, an ethoxycarbonyl group or a benzyloxycarbonyl 
group)} and -OR 14 (wherein R 14 is a chain alkyl group having 1 to 5 carbon atoms or a benzyl group), or R 7 and 
R 9 together with the carbon atom to which they are attached form a cycloalkyl group having 3 to 8 carbon atoms 
which is optionally substituted with at least one selected from the group consisting of a halogen atom, a hydroxyl 
group, a carboxyl group, an amino group/an aminocarbonyl group, a chain alkyl group having 1 to 5 carbon atoms 
and a'chaih alkoxy group having 1 to 5 carbon atoms; a cycloalkenyl group having 4 to 8 carbon atoms which is 
optionally substituted with at least one selected from the group consisting of a halogen atom, a hydroxyl group, a 
carboxyl group, an amino group, an aminocarbonyl group, a chain alkyl group having 1 to 5 carbon atoms and a 
chain alkoxy group having 1 to 5 carbon atoms: a bicycloalkyl group having 5 to 1 0 carbon atoms which is optionally 
substituted with at least one selected from the group consisting of a halogen atom, a hydroxyl group, a carboxyl 

•group, an amino group, an aminocarbonyl group, a chain alkyl group having 1 to 5 carbon atoms and a chain 
alkoxy group having 1 to 5 carbon atoms; or a bicycloalkenyl group havjng 5 to 1 0 carbon atoms which is optionally 
substituted with at least one selected from the group consisting of a halogen atom, a hydroxyl group, a carboxyl 
group, an amino group, an aminocarbonyl grbup, a chain alkyl group having 1 to 5 carbon atoms and a chain 

• alkoxy gr^up having 1 to 5 carbon atoms), and ' 

2 is a hydrogen atom; or an alkyl group having 1 to 10 carbon atoms which is optionally substituted with at 
least one selected from the group consisting of a halogen atom, a hydroxyl group, a hydroxyalkyl group having 1 
to 5 carbon atoms, a carboxyl group, a mercapto group, an alkylthio group having 1 to 5 carbon atoms, a guanidyl 
group, an optionally substituted phenyl group, an imidazolyl group, an indolyl group, -NHR 11 (wherein R 11 is a 
hydrogen atom, an optionally substituted phenyl group, an optionally substituted pyridyl group, a tert-butoxycarb- 
onyl group or a benzyloxycarbonyl group), -CONHR 12 {wherein R 12 is a hydrogen atom or -(CH 2 ) m -R 13 (wherein 
m is an integer of 1 to 5, and R 13 is a hydrogen atom, a methoxycarbonyl group, an ethoxycarbonyl group or a 
benzyloxycarbonyl group)} and -OR 14 (wherein R 14 is a chain alkyl group having 1 to 5 carbon atoms or a benzyl 
group), 

or Y and Z together with the nitrogen atom to which they are attached form a cyclic amino group having 2 to 10 
carbon atoms which is optionally substituted with at least one selected from the group consisting of a halogen 
atom, a hydroxyl group, an amino group, a chain alkyl group having 1 to 5 carbon atoms and -OR 15 (wherein R 15 
is a chain alkyl group having 1 to 5 carbon atoms, an aminocarbonylmethyl group or a benzyl group)] or a phar- 
maceutical^ acceptable salt thereof. 

The cyanopyrrolidine derivative of Formula (1) according to Claim 1 wherein R 1 is a halogen atom, a hydroxyl 
group, ah alkoxy group having 1 to 5 carbon atoms or an alkyl group having 1 to 5 carbon atoms, and R 2 R 3 and 
R 4 are each a hydrogen atom, a halogen atom, a hydroxyl group, an alkoxy group having 1 to 5 carbon atoms or 
an alkyl group having 1 to 5 carbon atoms, or the pharmaceutical^ acceptable salt thereof. 

The cyanopyrrolidine derivative of Formula (1 ) according to Claim 1 or 2 wherein R 1 is a fluorine atom or a chlorine 
atom, or the pharmaceutically acceptable salt thereof. 

The cyanopyrrolidine derivative of Formula (1 ) according to Claim 1 or 2 wherein R 1 is a fluorine atom, and R 2 is 
a hydrogen atom, or the pharmaceutically acceptable salt thereof. 
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5. The cyanopyrrolidine derivative of Formula (1) according to Claim 1 or 2 wherein R 1 is a fluorine atom, and R 2 , 
R 3 and R 4 are each a hydrogen 'atom, or the pharmaceutical^ acceptable salt thereof. 

6. A cyanopyrrolidine derivative represented by Formula (2): 

5 



10 




(2) 



15 

[wherein X is an oxygen atom or a sulfur atom : 

Y is -CR 5 R 6 - [wherein R 5 and R 6 are the same or different, and each a hydrogen atom; a halogen atom; an 
alkyl group having 1 to 10 carbon atoms which is optionally substituted with at least one selected from the group 
consisting of a halogen atom, a hydroxyl group, a hydroxyalkyl group having 1 to 5 carbon atoms, a carboxyl group, 

20 a mercapto group, an alkylthio group having 1 to 5 carbon atoms, a guanidyl group, an optionally substituted phenyl 

group, an imidazolyl group, an indolyl group, -NHR 11 (wherein R 11 is a hydrogen atom, an optionally substituted 
phenyl group, an optionally substituted pyridyl group, a tert-butoxycarbonyl group or a benzyloxycarbonyl group), 
- CONHR 12 {wherein R 12 is a hydrogen atom or -(CH 2 ) m -R 13 (wherein m is an integer of 1 to 5, and R 13 is a 
hydrogen atom, a methoxycarbonyl group, an ethoxycarbonyl group or a benzyloxycarbonyl group)} and -OR 14 

25 (wherein R 14 is a chain alkyl group having 1 to 5 carbon atoms or a benzyl group); or an alkenyl group having 2 

to 1 0 carbon atoms which is optionally substituted with at least one selected from the group consisting of a halogen 
atom, a hydroxyl group, a carboxyl group,, an amino group, an aminocarbonyl group and a chain alkoxy group 
having 1 to 5 carbon atoms]. j ■■• • 

or -CR 7 R 8 -CR 9 R 10 - (wherein R 7 , R?, R 9 and R 10 are the same or different, and each a hydrogen atom; a halogen 

30 atom; or an alkyl group having 1 to 1 0 carbon atoms which is optionally substituted with at least one selected from 

the group consisting of a halogen atom, a hydroxyl group, a hydroxyalkyl group having 1 to 5 carbon atoms, a 
carboxyl group, a mercapto group; an alkylthio group having 1 to 5 carbon atoms, a guanidyl group, an optionally 
substituted phenyl group, an imidazolyl group, an indolyl group, -NHR 11 (wherein R 11 is a hydrogen atom, an 
optionally substituted phenyl group, an optionally substituted pyridyl group, a tert-butoxycarbonyl group or a ben- 

35 zyloxycarbonyl group), -CONHR 12 {wherein R 12 is a hydrogen atom, or -(CH 2 ) m -R 13 (wherein m is an integer of 1 

to 5, and R 13 is a hydrogen atom, a methoxycarbonyl group, an ethoxycarbonyl group or a benzyloxycarbonyl 
group)) and -OR 14 (wherein R 14 is a chain alkyl group having 1 to 5 carbon atoms or a benzyl group), or R 7 and 
R 9 together with the carbon atom to which they are attached form a cycloalkyl group having 3 to 8 carbon atoms 
which is optionally substituted with at least one selected from the group consisting of a halogen atom, a hydroxyl 

40 group, a carboxyl group, an amino group, an aminocarbonyl group, a chain alkyl group having 1 to 5 carbon atoms 

and a chain alkoxy group having 1 to 5 carbon atoms; a cycloalkenyl group having 4 to 8 carbon atoms which is 
optionally substituted with at least one selected from the group consisting of a halogen atom, a hydroxyl group, a 
carboxyl group, an amino group, an aminocarbonyl group, a chain alkyl group having 1 to 5 carbon atoms and a 
chain alkoxy group having 1 to 5 carbon atoms; a bicycloalkyl group having 5 to 1 0 carbon atoms which is optionally 

45 substituted with at least one selected from the group consisting of a halogen atom, a hydroxyl group, a carboxyl 

group, an amino group, an aminocarbonyl group, a chain alkyl group having 1 to 5 carbon atoms and a chain 
alkoxy group having 1 to 5 carbon atoms; or a bicycloalkenyl group having 5 to 1 0 carbon atoms which is optionally 
substituted with at least one selected from the group consisting of a halogen atom, a hydroxyl group, a carboxyl 
group, an amino group, an aminocarbonyl group, a chain alkyl group having 1 to 5 carbon atoms and a chain 

so alkoxy group having 1 to 5 carbon atoms), and 

Z is a hydrogen atom; or an alkyl group having 1 to 10 carbon atoms which is optionally substituted with at 
least one selected from the group consisting of a halogen atom, a hydroxyl group, a hydroxyalkyl group having 1 
to 5 carbon atoms, a carboxyl group, a mercapto group, an alkylthio group having 1 to 5 carbon atoms, a guanidyl 
group, an optionally substituted phenyl group, an imidazolyl group, an indolyl group, -NHR 11 (wherein R 11 is a 

55 hydrogen atom, an optionally substituted phenyl group, an optionally substituted pyridyl group, a tert-butoxycarb- 

onyl group or a benzyloxycarbonyl group), -CONHR 12 {wherein R 12 is a hydrogen atom or -(CH 2 ) m -R 13 (wherein 
m is an integer of 1 to 5, and R 13 is a hydrogen atom, a methoxycarbonyl group, an ethoxycarbonyl group or a 
benzyloxycarbonyl group)} and -OR 14 (wherein R 14 is a chain alkyl group having 1 to 5 carbon atoms or a benzyl 
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group), 

or Y and Z together with the nitrogen atom to which they are attached form a cyclic amino group having 2 to ( 10 
carbon atoms which is optionally substituted with at least one selected from the group consisting of a halogen 
atom, a hydroxyl group, an amino group, a chain alkyl group having 1 to w 5 carbon atoms and -OR 15 (wherein R 15 
is a chain alkyl group having 1 to 5 carbon atoms, an aminocarbonylmethyl group or a benzyl group)] or a phar- 
maceutically acceptable salt thereof. 

7. The cyanopyrrolidine derivative of Formula (1 ) or (2) according to any one of Claims' 1 to 6 wherein X is an oxygen 
atom, or the pharmaceutically acceptable salt thereof. ■ 

i ■ • ' \ 

8. The cyanopyrrolidine derivative of Formula (1) or (2) according to Clairh 7 wherein Y is -CH 2 -, or the pharmaceu- 
tically acceptable salt thereof. 1 

i 

9. The cyanopyrrolidine derivative of Formula (1) or (2) according to Claim 8 wherein Z is a branched or cyclic alkyl 
group having 4 to 10 carbon atoms which is optionally substituted with, at least one selected from the group con- 
sisting of a hydroxyl group and a hydroxyalkyl group having 1 to 5 carbon atoms, or the pharmaceutically acceptable 
salt thereof. 

10. The cyanopyrrolidine derivative of Formula (1) or (2) according to Claim 8 wherein Z is a tert-butyl group, a (J-hy- 
droxymethyi)cyclopentyl group or a (2-hydroxy-1 ,1 -dimethyl)ethyl group, or the pharmaceutically acceptable salt 
thereof. 

11. The cyanopyrrolidine derivative of Formula (1) or (2) according to Claim 7,wherein Y is -CR 5 R 6 - (wherein R 5 is a 
hydrogen atom) and Z is a hydrogen atom, or the pharmaceutically acceptable salt thereof. 

12. The cyanopyrrolidine derivative of Formula (1 ) or (2) according to Claim 7 wherein Y is -CR 5 R 6 - (wherein R 5 is a 
hydrogen atom, R 6 is a branched or cyclic alkyl group having 3 to 6 carbon atoms) and Z is a hydrogen atom, or 
the pharmaceutically .acceptable salt thereof. • • a . » 

13. The cyanopyrrolidine derivative of Formula (1) or (2) according to Claim 7 wherein Y is -CH[CH(CH 3 ) 2 ]-, -CH[C 
(CH 3 ) 3 ]- or -CH[CH(CH 3 )CH 2 CH 3 ]- and Z is a hydrogen atom, or the pharmaceutically acceptable salt thereof. 

14. A pharmaceutical preparation which comprises as an effective ingredient the cyanopyrrolidine derivative or the 
pharmaceutically acceptable salt thereof according to any one of Claims 1 to 13. 

15. The pharmaceutical preparation according to Claim 14 for preventing or treating a disease or condition capable 
of being improved by inhibition of dipeptidyl peptidase IV. 

16. The pharmaceutical preparation according to Claim 1 5 wherein the disease or condition capable of being improved 
by inhibition of dipeptidyl peptidase IV is diabetes mellitus. 

17. The pharmaceutical preparation according to Claim 1 5 wherein the disease or condition capable of being improved 
by inhibition of dipeptidyl peptidase IV is an immune disease. 
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